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S E C T I O N  I 

1.0 INTRODUCTION 

The perforinance o b j e c t i v e s  o f  t h i s  program are  t o  conduct  - 
t h e  f o l l o w i n g  i n v e s t i g a t i o n s :  

I t e m  1 - I n v e s t i g a t e  advanced i n t e r c o n n e c t i o n  t e c h n i q u e s  
f o r  s i l i c o n  m o n o l i t h i c  c i r c u i t s  from a metal- 
l u r g i c a l  v iewpoin t  t o  improve r e l i a b i l i t y .  
cou ld  i n c l u d e  t h e  fol . lowing: 

T h i s  

(a) 

(b) Adhesion p r o p e r t i e s .  
( c )  D i f f u s i o n  from s u b s t r a t e  i n t o  metal f i l m s .  
(d)  Degrada t ion  of  f i lm  from bonded l e a d s .  
(e) Defec t s  i n  s u b s t r a t e  ( s c r a t c h e s ,  uneven 

( f )  F i lm  t h i c k n e s s  r e q u i r e m e n t s .  

(g) 

A c r i t i c a l  a n a l y s i s  of metal  d i f f u s i o n  i n t o  
a c t i v e  areas o f  t h e  d e v i c e .  

o x i d e ) .  

C h a r a c t e r i z a t i o n  o f  v a r i o u s  m e t a l  s y s t e m  
f r o m  s t a n d p o i n t  of  optimum d e v i c e  c h a r s e t e r -  
i s t i c s  and  r e l i a b i l i t y .  

I t e m  2 - C h a r a c t e r i z e  and  i d e n t i f y  i n t e r c o n n e c t i o n  f a i l u r e s .  

I t e r n  3 - Conduct a thorough i n v e s t i g a t i o n  of  t h e  n a t u r e  o f  
m i c r o c i r c u i . t  bonds produced by s o l d e r i n g ,  we ld ing  
u l t r a s o n i c  bonding and  d i f f u s i o n  bonding p r o c e s s e s .  
T h i s  i n v e s t i g a t i o n  shou ld  i n c l u d e  t h e  m e t a l l u r g i c a l ,  
p h y s i c a l  and a n a l y t i c a l  aspects of bonds produced 
by v a r i o u s  bonding t e c h n i q u e s  t o  de t e rmine  t h e  
s t r u c t u r e  o f  bonds,  i n t e r f a c e  s i t u a t i o n s ,  e t c .  

. 
1 



From t h i s  s tudy optimum bonding t e c h n i q u e s  w i l l  
be e s t a b l i s h e d  t o  e n a b l e  i n d u s t r y  t o  c o n s i s t e n t l y  
o b t a i n  t h e  type  of  i n t e r c o n n e c t i o n  bond r e q u i r e d  
by KASA, a n d  at a c o s t  a c c e p t a b l e  t o  b o t h  i n d u s t r y  
and  NASA. 

-. 

-* 

2 
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SECTION I1 

2 . 0  SUMMARY OF EFFORT 

Standa rd  vacuum e v a p o r a t i o n  p rocedures  and l o w  
energy  i n e r t  gas s p u t t e r i n g  procedures  have been 
developed and e v a l u a t e d  f o r  t h e  aluminum, 
molybdenum-gold, and chromium-gold m e t a l l i z a t i o n  
sys t ems .  

The r e s i d u a l  gas ambient  o f  t h e  h igh  vacuum 
e v a p o r a t i o n  has  been de te rmined .  

High c u r r e n t  d e n s i t y  t e s t s  have been conducted  vj.ith 
t h e  aluminum, chromium- g o l d ,  and  molybdenum-gold 
m e t a l l i z a t i o n  sys tems.  

The l i m i t a t i o n s  of t h e  chromium-gold m e t a l . l i z a t i o n  
sys tem have been i n v e s t i g a t e d  and as  t h e  r e s u l t ,  t h e  
chromium-gold sys tem i s  n o t  recommended f o r  u s e  i n  
h igh  r e l i a b i l i t y  i n t e g r a t e d  c i r c u i t  t echnology rs- 
q u i r i n g  h i g h  t empera tu re  p r o c e s s i n g .  

The molybdenum-gold m e t a l l i z a t i o n  sys t em has  been 
i n v e s t i g a t e d .  The r e s u l t s  i n d i c a t e  t h z t  t h e  
molybdenum-gold sys tem i s  s u p e r i o r  t o  any o t h e r  
m e t a l l i z a t i o n  s y s t e m  e v a l u a t e d  t o  d a t e .  

3 



SECTION 111 

3 . 0  VACUUM EVAPORATION PROCEDURES - 

Standa rd  vacuum e v a p o r a t i o n  c y c l e s  were e s t a b l i s h e d  f o r  
*_ aluminum, chro1n.i-um-gold, and  molybdenum-gold m e t a l l i z a t i o n s .  T h e  

pa rame te r s  which were s t a n d a r d i z e d  i n c l u d e d  t h e  s u b s t r a t e  h e a t i n g  
.. cyc le ,  s u b s t r a t e  t e m p e r a t u r e s ,  d e p o s i t i o n  ra te ,  f i l a m e n t  p o s i t i o n i n g ,  

and  s u b s t r a t e  c o o l i n g  s c h e d u l e .  S i n c e  i n c r e a s e d  d e p o s i t i o n  t i m e s  
have been used  i n  some expe r imen t s ,  a n  a t t e m p t  was made t o  measure 
t h e  r a d i a t i o n  h e a t i n g  of t h e  wafer, Using s u r f a c e  thermometers ,  a 
s i m u l a t e d  e v a p o r a t i o n  r u n  gave a measured 140°C r i s e  i n  5 minu tes .  
Dur ing  t h e  "quick c o o l , "  t h e  s u b s t r a t e  b l o c k  t empera tu re  ( a s  
i n d i c a t e d  by t h e  i n t e r n a l  thermocouple) f e l l  more r a p i d l y  than  t h e  
s u r f a c e  o r  w a f e r  temperature. M o d i f i c a t i o n s  were made i n  s e v e r a l  
of t h e  vacuum e v a p o r a t o r s  such t h a t  t h e  t e m p e r a t u r e s  measured were 
more r e p r e s e n t a t i v e  of  t h e  t r u e  wafer t e m p e r a t u r e s .  MOS d e v i c e s  and  
s e n s i t s i ~ x  matched b e t a  t r a n s i s t o r  p a i r s  were used  t o  deve lop  and 
e v a l u a t e  t h e  s t a n d a r d  d e p o s i t i o n  p rocedures .  

0 

From these  expe r imen t s ,  t h e  f o l l o w i n g  conclus i .ons  a r z  
drawn: 

(1) The MOS d e v i c e  and t h e  m t c h e d  b e t a  t r a n s i s t o r s  
r e q u i r e  similar d e p o s t i o n  c o n d i t i o n s  t o  make ''good" 
d e v i c e s .  Both are s e n s i t i v e  t o  d e p o s i t i o n  c o n d i t i o n s .  

(2) The i n d i c a t e d  thermocouple  t e m p e r a t u r e s  a r e  c o n s i d e r a b l y  
h i g h e r  t h a n  t h e  a c t u a l  s u r f a c e  t e m p e r a t u r e s  i n  t h e  
normal e v a p o r a t o r ,  when no r a d i a t i o n  s o u r c e  i s  p r e s e n t .  

(3 )  The t i m e  t h e  wafe r  i s  exposed t o  t h e  r a d i a t i o n  from 
t h e  e v a p o r a t i n g  s o u r c e ,  t h e  s o u r c e  s i z e ,  t e m p e r a t u r e ,  
and  d i s t a n c e  from t h e  s u b s t r a t e  a re  c r i t i c a l  v a r i a b l e s .  

4 



S u r f a c e  t empera tu res  fa r  i n  e x c e s s  of  t h o s e  i n d i c a t e d  
by t h e  thermocouple are  p o s s i b l e  d u r i n g  t h e  d e p o s i t i o n .  

( 4 )  The "quick cool ing"  c y c l e s  are g e n e r a l l y  i n e f f e c t i v e  
i n  r a p i d l y  lower ing  t h e  wafer t e m p e r a t u r e s .  I f  
"quick c o o l i n g "  i s  d e s i r e d ,  a n  i n e r t  gas b a c k f i l l  
i s  n e c e s s a r y .  

(5) The  p r e d e p o s i t i o n  s u b s t r a t e  t e m p e r a t u r e  i s  a less 
c r i t i c a l  f a c t o r ,  as long  as some minimum tempera tu re  
t o  a d e q u a t e l y  "clean" t h e  surface i s  r eached .  T h i s  
minimum v a l u e  i s  between 100" and  200°C i n  t h e s e  
expe r imen t s .  Depos i t i ons  a t  o r  below 100°C have 
g e n e r a l l y  shown poor adhe rence .  

( 6 )  Using c o n t r o l l e d  c o n d i t i o n s  deter inined by e x p e r i n e n t s ,  
i t  i s  p o s s i b l e  t o  produce ''good" devices i n  any 
normal vacuum d e p o s i t i o n  sys tem.  It i s  n e c e s s a r y  t o  
c l o s e l y  c o n t r o l  t h e  r a d i a t i o n  h e a t i n g  o f  t h e  wafer, 
p a r t i c u l a r l y  d u r i n g  t h e  f i r s t  "hot" d e p o s i t i o n .  

5 



S E C T I O N  I V  

R E S I D U A L  GAS ANALYSES O F  T H E  HIGH VACUUM EVAPORATION 
SYSTEM 

- - 4 .0  

-- 

A p a r t  of t h e  i n s t r u m e n t a t i o n  on t h e  vacuum e v a p o r a t o r  i s  
a R e s i d u a l  Gas Ana lyze r .  T h i s  i s  normal ly  used  f o r  r o u t i n e  l e a k  
c h e c k i n g  of t h e  system, b u t  p e r i o d i c a l l y ,  a comple te  a n a l y s i s  of t h e  
r e s i d u a l  gas i s  performed. T y p i c a l  a n a l y s e s  r e s u l t s  a r e  shown i n  
T a b l e  I. 

TABLE I 
R E S I D U A L  GAS ANALYSES OF NRC EVAPORATOR 

I -! 

T o t a l  
P r e s  sure H2° eo c@2 
a-- -----I 

8-10-66 ~ x ~ O - ~ T  76% 1 5 . 3  7 . 0  1 . 6  
11- 2 3 - E6 3x10- 7~ 70 1 7  9.5  3 . 5  
11-28-66 ~ x ~ O - ~ T  6 0  26 9 .2  4.8 

1-3-67 33 .5  52 , 11.1 1.8 1 .6  

T h e s e  a n a l y s e s  are w i t h  t h e  s u b s t r a t e  and  fiiaineiits a l l  a t  
room t e m p e r a t u r e .  
de t e rmined  from t h e  mass 28 peak, and  are  combined i n  t h e  ear l ie r  
a n a l y s i s . )  On h e a t i n g  of  any p o r t i o n  of .  t h e  sys tem,  a n  i n c r e a s e d  

(The n i t r o g e n  a n d  ca rbon  monoxide components are  

p r e s s u r e  i s  s e e n ,  which i s  p r i m a r i l y  w a t e r  v a p o r .  

No gas  a n a l y s e s  a r e  a v a i l a b l e  f o r  t h e  e v a p o r a t o r  c u r r e n t l y  
b e i n g  used  f o r  t h e  chromiEm-gold d e p o s i t i o n s .  T h i s  i s  a n  i o n  pumped 
s y s t e m  w i t h  a c r y o g e n i c  t i t a n i u m  s u b l i m a t i o n  pump. Although i t  u s e s  

d u r i n g  t h e  d e p o s i t i o n s .  Water vapor  i s  probably  t h e  main component 
o f  t h e  r e s i d u a l  gas  i n  t h i s  s y s t e m .  

a n  unbaked g l a s s  b e l l  j a r ,  p r e s s u r e s  are less  t h a n  10 - 7  t o r r  range  



SECTION V 

5.0  THE A1,UMINiTM - METALLIZATION -. SYSTEM 

._ Aluminum i s  t h e  m a t e r i a l  t h a t  i s  most commonly u s e d  a s  a n  
i n t e r c o n n e c t i o n  m e t a l  f o r  s i l i c o n  t r a n s i s t o r s  and  i n t e g r a t e d  c i r c u i t s .  

-. It i s  e a s i l y  a p p l i e d  by h i g h  vacuum e v a p o r a t i o n  t e c h n i q u e s  and  
a d h e r e s  w e l l  t o  t h e  S i02  s u r f a c e  o f  metal  o v e r l a y  d e v i c e s  and  
i n t e g r a t e d  c i r c u i t s ,  i n  a d d i t i o n  t o  a f f o r d i n g  good ohmic c o n t a c t  w i t h  
b o t h  P and  d e g e n e r a t e  N t y p e  s i l i c o n .  It i s  e a s i l y  p a t t e r n e d ,  and  
c o n t a c t e d  w i t h  g o l d  o r  aluminum wires.  Aluminum does ,  however, have 
c e r t a i n  l i m i t a t i o n s ,  some of which are  l i s t e d  below: 

(1) A t  e l e v a t e d  t empera tu res ,  aluminum aiid g o l d  i n t z r a c t  
t o  form v a r i o u s  i n t e r m e t a l l i c  compounds whi.ch i n c r e a s e  
c o n t a c t  r e s i s t a n c e  and  can  resu l t  In open L m c l s .  

6 2 (2)  When a h i g h  d e n s i t y  c u r r e n t  (above a b o u t  1.0 A / c m  ) 
i s  passed  through a n  aluminum i n t e r c o n r i e c t i o n  s t r i p e ,  
mass m i g r a t i o n  o f  t h e  aluminum can  be seen toward t h e  
p o s i t i v e  t e r m i n a l .  

(3 )  Above 500°C, t h e  aluminum a t tacks  t h e  u n d e r l y i n g  
Si02 r a p i d l y .  

( 4 )  Although s a t i s f a c t o r y  MOS d e v i c e s  can  be made w i t h  
aluminum m e t a l ,  i t  i s  v i r t u a l l y  i m p o s s i b l e  t o  o b t a i n ,  
i n  combina t ion ,  a l l  o f  t h e  most d e s i r a b l e  MOS 

p r o p e r t i e s .  

(5) Although aluminum i s  i n h e r e n t l y  abou t  as  c o n d u c t i v e  
as g o l d ,  i t  i s  very s e n s i t i v e  t o  oxygen o r  water 
vapor  i n  t h e  vacuum s y s t e m  d u r i n g  d e p o s i t i o n  and  so ,  
g e n e r a l l y ,  has a h i g h e r  shee t  r e s i s t a n c e .  

7 



Although aluminum meta l  i s  n o t  of primary conce rn  f o r  t h i s  
c o n t r a c t ,  a l l  subsequent  m e t a l l i z a t i o n  sys tems must be r e l a t e d  back 
t o  a n  aluminum s y s t e m  i n  o rde r  t h a t  a common denominator  be  a v a i l -  
able f o r  t h e  e v a l u a t i o n s .  Hence, some o f  t h e  p r o p e r t i e s  of  a 
p a r t i c u l a r  t y p e  of aluminum m e t a l l i z a t i o n  w i l l  be d i s c u s s e d  from 
t i m e  t o  t i m e  i n  r e p o r t s  on t h i s  c o n t r a c t ,  b u t  a l w a y s  i n  t h e  c o n t e x t  
of comparison w i t h  a p a r t i c u l a r  advanced m e t a l l i z a t i o n  s y s t e m .  

0 

c 

5 

5.1  HIGH CURRENT DENSITY TESTS W I T ”  ALUMINUM METALLIZATIONS 

Aluminum m e t a l l i z a t i o n  has  been s t u d i e d  as a r e f e r e n c e  
sys tem and  spec i f i c  d a t a  i s  a v a i l a b l e  on t h e  h igh  c u r r e n t  d e n s i t y  
tests.  T h e s e  r e s u l t s  are  summarized i n  T a b l e  11. 

TABLE I1 
MEAN TIME TO FAILURE FOX ALUMINUM METALLIZATION AS A 

FUNCTION OF RE:SLSTLVITY AND CURKENT DENSITY 
(AMBIENT = 175”C-::, 50% CONFIDENCE LEVEL) 

-- 
J = ( lo6  A/cm2) 0.5 1 . 0  1 . 2  1 .5  2 . c  

0 

- - -  --:I - - -  

69  
25 
13 

p = 2 .6  un-cmik --- 1500hrs - - -  - - -  
p = 4 .0uR-cm --- 
p = 6 . 0  vn-cm - - -  

- - -  - - -  47 0 
130 --- - - -  

bll a v a i l a b l e  d a t a  480 560 1 7  20 30 4 1  

* 
R e s i s t i v i t y  v a r i e d  by d e p o s t i o n  ra te .  . 

Examinat ion of  t h e  f a i l u r e s  show a s i n g l e  dominat ing  f a i l u r e  
mode, i . e . ,  a random opening of t h e  i n t e r c o n n e c t i o n ,  o c c u r r i n g  i n  a 
porous r o u g h - t e x t u r e d  metal-. Dur ing  t h e  p r o c e s s i n g ,  t h e  aluminum i s  
s u b j e c t e d  t o  450°C f o r  perhaps 30 m i n u t e s ,  and changes from a smooth, 
nonporous f i l m ,  beg inn ing  t o  deve lop  a cha rac t e r i s t i c  roughness .  
roughness  and p o r o s i t y  can  be i n c r e a s e d  by subsequen t  t h e r m a l  t r e a t -  
ments .  

T h i s  

The i n t e n t i o n a l  a d d i t i o n  o f  m o i s t u r e  t o  t h e  d ry  a i r  f u r n a c e  
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had no s i g n i f i c a n t  e f f e c t  on unmounted samples .  The  same rough 
t e x t u r e  a p p e a r s  i n  t h e  h igh  c u r r e n t  d e n s i t y  t es t s  i n  dry N2 s e a l e d  
TO-5 c a n s ,  a l t h o u g h  t o  a g r e a t e r  d e g r e e .  The proposed f a i l u r e  
mechanism i s  t h a t  a the rma l  r e a c t i o n  c a u s e s  a p o r o s i t y  and reduced  
c r o s s - s e c t i o n a l  area,  w i t h  a l o c a l i z e d  i n c r e a s e d  c u r r e n t  d e n s i t y .  
T h i s  causes l o c a l i z e d  ho t  s p o t s  and a c c e l e r a t e d  r e a c t i o n  a t  t hese  
s i tes .  F a i l u r e  occur s  when t h e  v o i d s  form a con t inuous  b r e a k  
a c r o s s  t h e  s t r i p .  T h i s  i s  i l l u s t r a t e d  i n  F i g u r e  1. The  $ - m i l  s t r i p  
a t  t h e  t o p  w a s  h e a t e d  48 hours a t  450°C i n  w e t  a i r .  The middle  
sample w a s  a fa i lure  o c c u r r i n g  a f t e r  1150  hours  a t  l o 6  A/cm w i t h  a n  
oven t empera tu re  of  175°C.  The  1 - m i l  l i n e ,  a d j a c e n t  t o  t h e  f a i l e d  
% - m i l  s t r i p ,  c a r r i e d  no c u r r e n t  d u r i n g  t h e  tes t  and i s  shown a t  t h e  
b o t t o m  of  t h e  f i g u r e .  

0 

-_ 

I 

2 

A d d i t i o n a l  exper iments  have been performed t o  de inons t ra te  
t h e  t h e r m a l  n a t u r e  of  t h e  r e a c t i o n .  A s a m p l e  of  10  u ; i i t s  ( u s i n g  t h e  
% - m i l  l i n e s )  w a s  t e s t e d  a t  2 x 10 A/cm and a n  oven ten ipcra ture  of 
1 7 5 ° C .  These  u n i t s  had normal p r o c e s s i n g ,  i . e . ,  go ld  back ing ,  bonding ,  
and canni.ng i n  TO-5 c a n s .  The mean time t o  f a i l u r e  w a s  25 h o u r s .  A 
second group o f  10 u n i t s  w a s  prebaked a t  450°C f o r  2 hours  p r i o r  t o  
t h e  h i g h  c u r r e n t  t es t s .  These u n i t s  has  a mean t i m e  t o  f a i l . u r e  of 
24 h o u r s .  A t h i r d  group of 10 u n i t s  w a s  prebaked 8 hour s  a t  450°C 
b e f o r e  t h e  h igh  c u r r e n t  t e s t s .  The mean time t o  f a i l u r e  w a s  reduced  
t o  1 5  hour s .  

6 2 

0 

T h i s  b r i e f  s t u d y  of aluminum m e t a l l i z a t i o n  h a s  i n c l u d e d  
vacuum evapora t ed  m e t a l  u s i n g  t u n g s t e n  f i l a m e n t s ,  t a n t a l u m  f i l a m e n t s ,  

and  e l e c t r o n  Seam h e a t i n g .  
(lo-' t o r r )  vacuum s a m p l e s  have been i n c l u d e d .  
approx ima te ly  C O O 0  A t h i c k ,  and are  g e n e r a l l y  d e p o s i t e d  i n  f r o n  1 t o  
10 minu tes .  A l l  t h e  aluminum t e s t e d  showed t h e  t h e r m a l  changes 
d e s c r i b e d .  O t h e r  workers  have r e p o r t e d  d i f f e r e n t  mechanisms, such 
as s t r i p  c r a c k i n g  (which a p p e a r s  t o  be a g r a i n  boundary phenomena) 

Both  normal ( l o m 6  t o r r )  vacuum and h igh  
The f i l m s  are  

9 



800X 
0.5-Mil Line After 48 hrs 45OoC 

- 
8oox 0.5-Mil Line lo6 A/cm2 1150 hrs 

Film Temperature -18OOC 

800X 1 - M i - l  Line - No Current 

Figure 1. Photomicrographs of Aluminum Lines 

6323-6-7 
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a n d  m i g r a t i o n  of t h e  m e t a l  f r o m  t h e  n e g a t i v e  end toward 
p o s i t i v e  t e r m i n z l .  
t h i s  program. 

t h e  
N e i t h e r  of t h e s e  have ben obse rved  s o  far i n  

0 
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SECTION V I  

6.0 . REQUIREMENTS OF A MJLTIUYEP, METALLIZATION SYSTEM 

To overcome some (or  a l l )  of t h e  l i m i t a t i o n s  imposed on -- 
t h e  i n t e r c o n n e c t i o n  sys tem by t h e  u s e  of aluminum, advanced 
m u l t i l a y e r  sys tems are b e i n g  i n v e s t i g a t e d  as t h e  b a s i s  f o r  t h i s  
program. Most o f  them are  two layer s y s t e m s ,  a l t h o u g h  s e v e r a l  
more complex "sandwich" s t r u c t u r e s  have shown promise.  

- 

Whatever t h e  s t r u c t u r e  o r  complexi ty  of t h e  m u l t i l a y e r  
m e t a l l i z a t i o n  s y t e m ,  i t  must f u l f i l l  many b a s i c  r equ i r emen t s  i f  i t  
i s  t o  f i n d  s u c c e s s f u l  a p p l i c a t i o n .  These are l i s t e d  below: 

(1) The m u l t i l a y e r  m e t a l l i z a t i o n  s y s t e m  milst perruSt 
p a t t e r n i n g  of g e o m e t r i e s ,  by p h o t o r e s i s t  t e c h n i q u e s ,  
down t o  t h e  s m a l l e s t  dimensions n e c e s s a r y  f o r  c u r r e n t  
i n t e g r a t e d  c i r c u i t  p rac t ice .  

(2) Not on ly  must t h e  b a s e  f i l m  of  a m u l t i l a y e r  
m e t a l l i z a t i o n  p a t t e r n  a d h e r e  w e l l  t o  t h e  o x i d e ,  b u t  
each succeeding  layer must a d h e r e  w e l l  t o  t h e  me 
b e h w  i t .  

(3)  The e l e c t r i c a l  c o n d u c t i v i t y  of  a n y  new m e t a l l i z a t i o n  
s y s t e m  s h o u l d ,  f o r  t h e  same f i l m  t h i c k n e s s ,  be  as 
h i g h  a s  aluminum. 

( 4 )  Whatever m e t a l  makes c o n t a c t  t o  t h e  s i l i c o n ,  i t  must 
have t h e  c a p a b i l i t y  of  making a very low r e s i s t a n c e  
ohmic c o n t a c t .  
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(5) It i s  p o s s i b l e  f o r  two a d j a c e n t  metals i n  a 
m u l t i l a y e r  m e t a l l i z a t i o n  s y s t e m  t o  r e a c t  a t  h igh  
t empera tu re  and form i n t e r m e t a l l i c  compounds t h a t  
w i l l  r educe  a d h e s i v e  s t r e n g t h  o r  c o n d u c t i v i t y ,  o r  
r u p t u r e  f i l m .  

(6)  S i n c e  aluninum a p p e a r s  t o  have a fundamental  
l i m i t a t i o n  w i t h  respect t o  m a t e r i a l  m i g r a t i o n  a t  
c u r r e n t  d e n s i t i e s ,  w e  look t o  these advanced metal- 
l i z a t i o n  systems t o  p rov ide  i n t e r c o n n e c t i o n s  f o r  t h e  
h igh  c u r r e n t  d e n s i t y  a p p l i c a t i o n s .  

13 



SECTION V I 1  

7 .0  MULTILAYER SYSTEMS FOR INTEGRLTED CIRCUIT INTERCONNECTION 

I n  a su rvey  o f  combina t ions  of  reactive metals w i t h  a n  
o v e r l a y  o f  a n o t h e r  metal ,  a p a t t e r n  c o n s i s t i n g  o f  a narrow s t r i p  
( k  m i l  wide and  54 m i l s  long)  w a s  u s e d .  The s t r i p  w a s  t e r m i n a t e d  
i n  l a r g e  bonding pads of  t h e  same m e t a l l i z a t i o n .  From t h e  measured 
t h i c k n e s s  ( g e n e r a l l y  3000 t o  6000 A ) ,  t h e  r e s i s t i v i t y  f o r  each  
combina t ion  w a s  c a l c u l a t e d  from t h e  measured r e s i s t a n c e .  The 
t h e o r e t i c a l  r e s i s t i v i t i e s  f o r  t h e  metals v a r y  from 1 . 6  microhm-cm 
f o r  copper  t o  4.8 microhm-cm f o r  molybdenum. 
shou ld  then  be  between these  v a l u e s .  However, i t  i s  o f t e n  found 
t h a t  t h e o r e t i c a l  r e s i s t i v i t y  i s  n o t  o b t a i n e d  i n  t h e  normril vacuum 
d e p o s i t e d  f i l m s .  I n  t h e s e  expe r imen t s ,  v a l u e s  of a b o u t  tw ice  t h e  
t h e o r e t i c a l  r e s i s t i v i t i e s  were g e n e r a l l y  t h e  b e s t  obtainable f o r  
t h e  s i n g l e  metals. I n  some c a s e s ,  t h e  m u l t i l a y e r  f i l m  showed a 
s a t i s f a c t o r y  r e s i s t i v i t y  as d e p o s i t e d ,  b u t  upon h e a t  t r e a t i n g  i n  
subsequen t  p r o c e s s i n g  t h e  r e s i s t a n c e  r o s e  r a p i d l y ,  e v i d e n c e  of a n  
i n t e r m e t a l l i c  compound forming.  T h i s  w a s  obse rved ,  f o r  example,  
w i t h  nickel-aluminum f i l m s .  I n  o t h e r  c a s e s ,  t h e  int.ermeta1.1.ic w z s  
formed d u r i n g  t h e  d e p o s i t i o n  a t  260°C, as  w i t h  t i t a n i u i n - n j c k e l  f i l m s .  

-. 

I 

0 

The m u l t i l a y e r  s t r i p s  

0 

T a b l e  111 shows a range of b u l k  r e s i s t i v i t i e s  measured f o r  
a number of metal  combina t ions  t h a t  have been  i n v e s t i g a t e d .  Although 
coppe r  looks promising from a c o n d u c t i v i t y  s t a n d p o i n t ,  i n  t h i n  f i l m  
form i t  o x i d i z e d  bad ly  upon exposure  t o  even moderate  t e m p e r a t u r e s  
f o r  a s h o r t  t i m e .  

From t h e  r e s u l t s  o b t a i n e d  s o  f a r ,  two s y s t e m s  have been 
s e l e c t e d  f o r  i n t e n s i v e  s t u d y .  They are  t h e  chromium-gold and 
molybdenum-gold s t r u c t u r e s .  
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TABLE I11 
R E S I S T I V I T Y  I N  MICROHM-CM FOR SINGLE AND P/PULTILAYER FILMS 

Chromium Molybdenum 
Secon 

T i t  anium 

Aluminum / 2 . 8  t o  5.8 3 .0  

Nickel 

39  

See N i - A 1  

Copper 

Copper-Gold 

- 
- 

Gold 

2 .9  t o  3.4  5.6 

2 . 9  t o  1 5  

3.4ik 

112 t o  121 

I 2 .7  t o  7.01 4 .6 ,  4 . 8 ,  I 5 . 2  

4.0 t o  6.C 

12  

Nickel I! 
7 .7  I 

l2 I 
16*8 I ---I See Ti-Nil 

A 

T h i c k n e s s  Zeasured  on ly  approxiii iately . 
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SECTION VI11 

8 . 0  CHROMIUM-GOLD 

Chromium-gold m e t a l l i z a t i o n  i s  a promis ing  s u b s t i t u t e  -- 
f o r  aluminum as used  i n  t h e  i n t e r c o n n e c t i o n  m e t a l l i z a t i o n  of  
t r a n s i s t o r s  and  i n t e g r a t e d  c i r c u i t s .  Chromium a d h e r e s  w e l l  t o  g l a s s  
l a y e r s  and w i l l  p rov ide  ohmic c o n t a c t s  t o  b o t h  P and N t y p e  s i l i c o n  
i f  t h e  s u r f a c e  r e g i o n s  are  d e g e n e r a t e l y  doped by a p p r o p r i a t e  d i f f u s i o n s .  
I n  t h i s  and  t h e  o t h e r  m u l t i m e t a l  sys tems s t u d i e d ,  t h e  r e s i s t i v i t y  of t h e  
m e t a l l i z a t i o n  i s  s t u d i e d  by p r e p a r i n g  a. p a t t e r n  c o n s i s t i n g  o f  a 
narrow s t r i p  (% m i l  wide and  54 m i l s  l o n g ) .  
i n  large bonding pads o f  t h e  Sam2 m e t a l l i z a t i o n .  From t h e  measured 
t h i c k n e s s  (gcr le ra l ly  3000 t o  6000 A) t h e  b u l k  r e s i s t i v i t y  i s  c a l c u l a t e d  
from thi3 average measured r e s i s t awe .  Ohmic c o n t a c t  t o  s i l i c o n  i-s 
checked by d e p o s i c i n g  t h e  m e t a l l i z a t i o n  o n t o  s j - l i con  wafers w i t h  
4 x 5 m i l  openings  e t c h e d  through a p r o t e c t i v e  oxide  19,OGO A t h l c k .  
The r e s i s t a n c e  between a d j o i n i n g  m e t a l l i z e d  c o n t a c t s  i s  measured with 
a s e n s i t i v e  b r i d g e .  The s h e e t  r e s i s t a n c e  and n a t u r e  of t h e  w i r e  bond 
t o  t h e  m e t a l l i z a t i o n  i s  s t u d i e d  by measur ing  t h e  r e s i s t a n c e  between 
two l e a d s  a t t a c h e d  t o  o p p o s i t e  s i d e s  of a 40 x 40 mil d i c e  E S  bonded 
i n  a s t a n d a r d  TO-5 package. 

"- 

The s t r i p  i s  t e r m i n a t e d  

0 

0 

The e f f e c t  of  a m e t a l l i z a t i o n  on d e v i c e  pa rame te r s  i s  
s t u d i e d  by m e t a l l i z i n g  En Mas "P" t y p e  s t ruc tu re .  I n  t h i s  d e v i c e ,  
t h e  f l a t  band v o l t a g e  (Vfb) i s  d i r e c t l y  r e l a t e d  (vfb = k + V t )  t o  
t h e  measu rab le  t h r e s h o l d  v o l t a g e  V o r  t h e  b ias  v o l t a g e  n e c e s s a r y  
f o r  a 10-microampere c u r r e n t .  T h i s  v a l u e  shows a s t r o n g  dependence 
on t h e  method of d e p o s i t i o n  used ,  which i s  b e l i e v e d  t o  be a measure 
o f  t h e  c h a r g e  b u i l d u p  and  d e p l e t i o n  unde r  v a r i o u s  the rma l  c o n d i t i o n s ,  
For  t h e  d e v i c e  used ,  a normal  good value i s  V = 3 v o l t s .  
aluminum d e p o s i t e d  under  v a r i o u s  d e p o s i t i o n  c o n d i t i o n s  w i l l  produce 
v a l u e s  from 13.4 t o  3 . 4  v o l t s .  

t '  

Using t 
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Another  s e n s i t i v e  vehicle  f o r  e v a l u a t i n g  e l e c t r i c a l  
e f f e c t s  o f  a m e t a l l i z a t i o n  system i s  t r a n s i s t o r  u n i t s  o f  t h e  matched 
p a i r  v a r i e t y .  
ove r  a 4-125" t o  -55°C t empera tu re  r ange  i s  s p e c i f i e d .  
t h e  l o w  c u r r e n t  hFE inust be  uni formly  p a t c h e d  w i t h i n  b e t t e r  t h a n  
10 p e r c e n t  th roughout  p rocess ing  s t e p s  and  subsequent  a g i n g .  

T h i s  i s  because  a VBE match o f  b e t t e r  t h a n  2 p e r c e n t  
I n  a d d i t i o n ,  

8 .1  CHROMIUM-GOLD FILMS DEPOSITED BY HIGH VACIJ"  METHODS 

8.1.1 D e p o s i t i o n  and  C o n t r o l  o f  Evapora ted  F i lms  o f  
Chromium- Go 1 d 

Two d e p o s i t i o n  methods a re  b e i n g  s t u d i e d :  t he rma l  
e v a p o r a t i o n  and low energy  i n e r t  g a s  s p u t t e r i n g .  I n  each method i t  
i s  p o s s i b l e  t o  b l e n d  t h e  two me ta l s  t o  form a con t inuous  i::tcrface 
between each  metal ,  i f  so d e s i r e d .  T h e  i n t e r f a c e  caused  by t h e  
b l e n d i n g  o f  t h e  two metals o f t e n  preseats a s e r i o u s  problem i n  sub- 
s e q u e n t  e t c h l n g  s teps ,  and i s  used only  where n e c e s s a r y  f o r  good 
i n t e r l a y e r  adhe rence .  The e v a p o r a t i o n  procedure  f o r  chromium-gold 
d e p o s i t i o n  w a s  as f o l l o w s :  The substrate w a s  h e a t e d  t o  250°C b e f o r e  
t h e  d e p o s i t i o n  o f  t h e  chromium from a basket f i l a m e n t  c o n t a i n i n g  8 
chromium c h a r g e .  The g o l d  e v a p o r a t i o n  fo l lowed imrnediately w l t h  no 
a p p r e c i a b l e  c o o l i n g  between the  two f i l m  d e p o s i t i o n s .  The p r e s s u r e  
i s  ma in tz ined  less t h a n  t o r r ,  and  t h e  samples  are  c o o l e d  t o  less 
t h a n  100°C b e f o r e  exposure  t o  a i r .  

I n  a series o f  evapora t ed  f i l m s ,  t h e  t h i c k n e s s  o f  t h e  
0 

chromium l a y e r  w a s  v a r i e d  from less t h a n  100 t o  3000 A .  The g o l d  
t h i c k n e s s  v a r i e d  from 2400 t o  6300 A .  The r e s i s t i v i t i e s  o b t a i n e d  
are shown i n  T a b l e  I V .  

0 

The average r e s i s t i v i t y  i s  a b o u t  6 . 1  microhm-cm o v e r  t h e  
range  of  t h e  d a t a .  It i s  d i f f i c u l t  t o  a c c u r a t e l y  measure t h e  t h i c k -  
n e s s  by o p t i c a l  i n t e r f e r e n c e  t echn iques ,  and t h i c k n e s s  v a r i a t i o n s  
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TABLE I V  
RESISTIVITY OF EVAPORATED CHROMIUM-GOLD METALLIZATIONS 

Th ickness  1 Thickness  Togal  
Chromium A 1 Gold A l A  3 Re s i s  t i v i  t 

(microhm- cm 

a c r o s s  t h e  s u b s t r a t e  h o l d e r  of 25 p e r c e n t  are s e e n  i n  t h e  g o l d  
d e p o s i t i o n .  However, t h e  d a t a  s u g g e s t s  a n  i n c r e a s e d  r e s i s t i v i t y  w i t h  
t h e  chromium t h i c k n e s s e s  g r e a t e r  t h a n  1000 A .  A t  chromium t h i c k n e s s e s  
of 5 5 0 0  A ,  a l l o y i n g  of t h e  gold  w i t h  s i l i c o n  i s  g e n e r a l l y  s e e n  e a r l y  i n  
subsequen t  p r o c e s s i n g .  F i g u r e  2 shows such a l l o y i n g  on a t r a n s i s t o r  
p a t t e r n  t h a t  o c c u r r e d  d u r i n g  a l l - o y i n g  of t h e  g o l d  back ing  on a w a f e r .  

0 

0 

4292 I 4292 3 . 6  

6 3 0 0  6300  2 . 7  

350 3770 4120  4 . 7  

1 < 1 0 0  

< 1 0 0  - 

6 2 5  1 4850  5475 5 . 9  

6 6 5  3535 4200  3 . 7  

5 . 1  6 6 5  5400 6065 

-- 

i 
7 0 0  4330  5030 7 . 2  

8 6 0  4330  -I[-- ' 5 2 9 0  1 5 . 4  

6 . 3  900 5040 5940 

0 
----- I 

---I- -- -. 

1900 1 5160  7060  10.2 

2700 1 3500 6 2 0 0  10.4 
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F i g u r e  2 .  Al loying  of Chromium-Gold on a T r a n s i s t o r  A f t e r  Gold 
Backing Operat ion (T- 500°C) Chromium 350 A Thick 

-1. 
1 9  

6189-4-7 



With chromium t h i c k n e s s e s  'between 500 and 1000 i, a l l o y l n g  o f t e n  
o c c u r s ,  a l t h o u g h  some d e v i c e s  have been made f ree  o f  t h i s  e f f e c t .  
I n  t h e  most r e c e n t  t e s t s ,  chromium t h i c k n e s s e s  o f  > lo00  il have been 
used ,  and  some of  t h e s e  samples have been comple te ly  p rocessed  w i t h  
no a l l o y i n g  observed .  However, t h e s e  u n i t s  have n o t  been s u b j e c t e d  
t o  e x t e n s i v e  l i f e  t es t s .  

0 
0 

- 

.. 

0 

.. 
When samples of  f i n e  l i n e  p a t t e r n s  o f  m e t a l l i z a t i o n  on 

s i l i c o n  ox ide  were baked i n  a i r  a t  450°C, changes i n  t h e  r e s i s t i v i t y  
were s e e n .  
t o  be r e l a t e d  t o  t h e  chromium t h i c k n e s s ,  b u t  on o v e r n i g h t  bak ing  t h e  
r e s i s t i v i t y  f e l l  t o  l o w  values.  The results of t h e s e  t es t s  are 
shown i n  Table  V. 
e v a p o r a t e d  f i l m s  i s  c o n s i s t e n t  w i t h  t h a t  found w i t h  s p u t t e r e d  
chromium-gold where t h e  chromium l a y e r  w a s  less  t h a n  1000 A .  
A p p a r e n t l y  t h e  r e s i s t i v i t y  d e c r e a s e  brought  abou t  by t e x p e r a t u r e  
a n n e a l i n g  of t h e  go ld  w a s  n o t  o f f s e t  by a n  i n c r e a s e  t h a t  czi2 be 
caused  by t h e  chrornium d i f f u s i o n  i n t o  t h e  g o l d .  
r e s i s t i v i t i e s  o f  t h e s e  f i l m s  sugges t  t h a t  t h e  chroniiurn would provide  
good m e t a l l i z a t i o n ,  t hey  cannot  be  used  because  o f  subsequent  a l l o y -  
i n g  of t h e  g o l d  i n t o  t h e  u n d e r l y i n g  s i l i c o n  durFng t h e  a l l o y i n g  o f  
t h e  g o l d  back ing .  

There  w a s  a n  i n i t i a l  r i s e  i n  r e s i s t i v i t y  t h a t  appea red  

The  dec rease  i n  r e s i s i t i v i t y  observed  on t h e s e  

0 

Although t h e  f i n a l  0 

t - 
C r  T o t a l  R e s i s t i v i t y  a t  T i m e  ( h r s )  

2 t = l  t = 1% t = 18 
Th ickness  Thickness  = = 5 

1 A 

100  4200 4.1 4 . 0  5.8 =-- 
900  5942 1 8 . 4  12.0 1 1 2 . 0  1 11.4 3 . 4  

--.- - 
6 6 5  4200 4 . 0  9 . 0  11.4 9 . 8  2 .6  

4 -__ 1 
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8 . 1 . 2  P a t t e r n i n g  of Chronium-Gold 

The  t e s t  p a t t e r n  c o n s i s t s  o f  a group of  f i n e  l i n e s  k t o  
2 m i l s  wide and  54 m i l s  l ong  w i t h  bonding pads.  The s u c c e s s f u l  
e t c h i n g  of t h e  % - m i l  l ine .  i s  dependent  upon r e d u c i n g  t h e  under -  
c u t t i n g  o f  t h e  res is t  a t  sny l a y e r  t o  much less t h a n  0 . 1  m i l .  I n  
some cases which p r e s e n t  s e r i o u s  e t c h i n g  problems, i t  i s  p o s s i b l e  
t o  u s e  a r e v e r s e  metal mask of aluminum. 
no t roublesome i n t e r f a c e  f i l m  mixing h a s  been u s e d ,  and a two-s t ep  

e t c h  of  T e c h n i s t r i p  ( a  commercial a l k a l i n e  cyan ide  mix tu re )  f o r  t h e  
g o l d ,  and  a n  " a c t i v a t e d "  H C 1  s o l u t i o n  f o r  t h e  chromium h a s  been 
most s u c c e s s f u l .  
2 p a r t s  water ,  h e a t e d  t o  80°C. 
i s  added .  
a d e q u a t e .  
t h a n  1500 A .  An a l t e r n a t e  chromium e t c h  i s  a ce r i c  s u 3 . p h a t e - n i t r i c  
a c i d  m i x t u r e  a t  5 3 - - 7 O o C .  
t h e  "normal." evaporated chromium-go1-G rceta1 l i z a t i o n s  , b u t  t h e y  have 
been on ly  p a r t j - a l l y  s u c c e s s f u l  :or sImtt:cred f i l m s .  Where aluminum 
reverse masking w a s  u sed ,  any a l k a i i n e  aluminum e t c h  w a s  s u c c e s s f u l  
i n  l i f t i n g  t h e  aluminum mask, a l t h o u g h  t h i s  was o f t e n  a slow prGcess ,  
and i n  many cases, r e s u l t e d  i n  t h e  loss  of t h e  f i n e r  l i n e s  because  o f  
poor edge  d e f i n i t i o n .  

_ _  

1 

With t h e  e v a p o r a t e d  f i l m s ,  

The " a c t i v a t e d "  H C 1  i s  made u p  of 1 p a r t  H C 1  and 
On c o c l i n g  t o  70°C a chromiun p e l l e t  

T h i s  i s  a r a p i d  chromium e t c h ,  and u s u a l l y  a quick d i p  i s  
U n d e r c u t t i n g  o f  t h e  g o l d  i s  a problem on t h e  f i l m s  t h i c k e r  

0 

E i t h e r  chroin?'.um e t c h  i s  s a t i s f a c t o r y  f o r  
0 

8.1.3 Device C h a r a c t e r i s t i c s  Using Chromium-Gold M e t a l l i z a t i o n  

Chromium-gold r n e t a l l i z a t i o n s  u s i n g  t h e  s t a n d z r d  vacuum 
d e p o s i t i o n  procedure  have g iven  f i l m s  w i t h  good adhe rence ,  and 
s a t s i f a c t o r y  r e s i s t i v i t i e s  f o r  d e v i c e  f a b r i c a t i o n .  The ohmic c o n t a c t  
p a t t e r n s  gave v a l u e s  abou t  1 ohm between m e t a l l i z e d  pads o n t o  exposed 
l o w  r e s i s t i v i t y  s i l i c o n .  
m e t a l l i z a t i o n .  Improved measurements o f  these  l o w  r e s i s t a n c e s  are 
n e c e s s a r y  b e f o r e  any s i g n i f i c a n c e  can be  a t t a c h e d  t o  t h e  e x a c t  

T h i s  compared f a v o r a b l y  w i t h  aluminum 

2 1  



e x p e r i m e n t a l  r e s u l t s .  The t o t a l  r e s i s t a n c e  of t h e  w i r e  bond tes t  
v e h i c l e  w a s  i n i t i a l l y  0.50 ohm, 
made w i t h  Vt o f  abou t  3 v o l t s .  
showed only  t h a t  t h e  Vt w a s  as good as f o r  t h e  aluminum m e t a l l i z a t i o n s .  

S a t i s f a c t o r y  MOS d e v i c e s  were 
These were p r e l i m i n a r y  t e s t s ,  which 

-_ 
8.1.4 R e l i a b i l i t y  Under S t r e s s  Aging 

- 
The w i r e  bond test  v e h i c l e s  showed a n  increase from 0 . 5 0  t o  

The tests 0 .75  ohm ove r  t h e  f i r s t  1000 hours  i n  d ry  a i r  a t  300°C. 
w e r e  c o n t i n u e d  t o  1800 hours  w i t h  no f u r t h e r  i n c r e a s e .  

8.2 CHROMIUM-GOLD SFUTTERING DEPOSITION PROCESS AND 
EXPERIMENTS 

8.2.1 D e p o s i t i o n  P rocedure  and  F i lm E v a l u a t i o n  

Based on t h e  p rev ious  e x p e r i e n c e  w i t h  s p u t t e r e d  metal 
f i l m s ,  a n  a r b i t r a r y  s p u t t e r i n g  p r o c e s s  w a s  d e f i n e d  as f o l l o w s :  0 

6 
(a) 
(b )  Heat t h e  s u b s t r a t e  t o  250°C w h i l e  C r  and Au  a re  

(c) P r e s p u t t e r  C r  and Au f o r  20 minu tes  (600 v o l t s )  

(d) Open shut te r  and s p u t t e r  C r  (600 v o l t s )  f o r  8 minutes  

R i m y  s y s t e m  t o  less than  8 x 10 

p r e s  p u t t  e r e d  . 

wafers a t  ground. 

(af ter  3 minute  t u r n  on -50 v o l t s  b i a s ,  h e a t e r  o f f  
and  c o o l i n g  a i r  on. 
I n  l as t  3 minutes  o f  C r  t i m e  t u r n  on Au (-700 v o l t s )  

and c o s p u t t e r  3 minu tes .  (3  minute  i n t e r f a c e . )  

s p u t t e r  Au f o r  60 minu tes .  

t o r r  f o r  % hour .  

(e) 

( f )  C r  o f f  and  s u b s t r a t e s  ground,  s u b s t r a t e s  c o l d ,  and 
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V a r i a t i o n  o f  t h i s  procedure i n c l u d e d :  

C r  d e p o s i t i o n  t i m e  - 2,  3, 5 ,  7, 9 and  12 minu tes ,  and 
C r - A u  i n t e r f a c e  t i m e  - 0,  1, 3 and  7 minu tes .  
The chromium d e p o s i t i o n  ra tes  w e r e  175 t o  250 A/minute 
and  t h e  A u  ra te  w a s  approx ima te ly  125 A/minute.  

0 

-_ 0 

c 

Seventeen  d e p o s i t i o n  r u n s  w e r e  made i n  which t h e  C r  t h i c k n e s s  
and  C r - A u  i n t e r f a c e  t y p e  and t h i c k n e s s  were v a r i e d  i n  a s y s t e m a t i c  
manner. Each r u n  c o n t a i n e d  10  s i l i c o n  wafers which were h e a t e d  t o  
250°C d u r i n g  a p o r t i o n  o f  t h e  s p u t t e r i n g  p r o c e s s  as o u t l i n e d  i n  t h e  
s p u t t e r i n g  procedure .  S e v e r a l  wafer expe r imen t s  were des igned  i n t o  
each  r u n .  

P o s i t i o n s  1 and 3:  Thermally o x i d i z e d  wafers f o r  ohms p e r  

P o s i t i o n  2:  Thermally o x i d i z e d  wafer w i t h  masked edge 

P o s i t i o n s  4 and  6 :  T h e r n a l l y  o x i d i z e d  wafers f o r  e t c h i n g  

square and  l a t e r  use.  

f o r  t o t a l  t h i c k n e s s .  

and  measuring AR with 450°C a i r  bakes .  

and  m2asuring C r  t h i c k n e s s .  
P o s i t i o n s  5 and  7: Thermally o x i d i z e d  wafers f o r  e t c h i n g  

P o s i t i o n  8 :  WaFer w i t h  no o x i d e  f o r  a l l o y  t e s t .  
P o s i t i o n s  9 and  10: Glass s u b s t r a t e s  f o r  v i s u a l  t es t s  on 

A u  d i f f u s i o n .  

Due t o  t h i c k n e s s  nonuni formi ty  ove r  t h e  complete  4 x 5 i n c h  
s u b s t r a t e  h o l d e r ,  i t  was necessa ry  t o  de t e rmine  a range  o f  C r  t h i c k -  
n e s s  f o r  each r u n  and i n  some c a s e s  t h e  C r  t h i c k n e s s  ove r l apped  from 
one r u n  t o  t h e  n e x t .  The t h i c k n e s s  r ange  on wafers 5 and 7 (above) 
has  been found t o  be r e p r e s e n t a t i v e  of  a l l  wafers i.n a g i v e n  run .  
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0 8 . 2 . 2  R e s u l t s  and Dj-scussion 

8 . 2 . 2 . 1  R e s i s t a n c e  o f  S p u t t e r e d  Chromium-Gold F i lms  

The a s - d e p o s i t e d  r e s i s t i v i t y  of t h e  s p u t t e r e d  C r - A u  
-- 

composi te  f i l m s  ranged from 6 t o  15 microhm-cm. The v a r i a t i o n  i n  
r e s i s t i v i t y  w a s  assumed t o  be r e l a t e d  t o  t h e  r e l a t i v e  amounts o f  
C r  a n d  Au i n  t h e  composi te  f i l m  b u t  t h i s  p o i n t  w a s  n o t  checked a s ,  
t h e  ohms p e r  s q u a r e ,  t h e  C r  t h i c k n e s s ,  and  t h e  t o t a l  t h i c k n e s s  w e r e  
n o t  measured on t h e  same wafer. 

c 

Measurements made of t h e  r e s i s t a n c e  o f  t h 2  e t c h e d  p a t t e r n s  
a f te r  v a r i o u s  t i m e s  i n  a i r  a t  450°C showed a large i n c r e a s e  i n  
r e s i s t a n c e .  The r e s u l t s  are shown i n  F i g u r e  3 .  The t h i c k n e s s e s  
shown are  t h o s e  t a k e n  f r o m w a f e r s  f rom p o s i t i o n s  5 and 7 of each  
run .  Note t h a t  t h e  r e s i s t a n c e  o f  t h e  f i l m s  w i t h  chromium l a y e r s  
t h i c k e r  t h a n  approx ima te ly  1000 A i n c r e a s e  200 t o  600 p e r c e n t  w i t h i n  
1 hour  a t  450°C, and  t h e n i n c r e a s e  less r a p i d l y  t h e r e a f t e r .  'The f i l m s  
w i t h  h e a v i e s t  i n t e r f a c e  t e n d  t o  i n c r e a s e  more. A l i g h t  o r  no i n t e r -  
face reduced t h e  ra te  of  r e a c t i o n  as i n d i c a t e d  by t h e  r e s i s t a n c e  
changes .  U n f o r t u n a t e l y  t h e  adherence  of t h e  Au t o  t h e  C r  t h e n  be-  
comes m a r g i n a l .  

0 

Schnable  and Keen(') have s t u d i e d  C r - A u  composi te  f i l m s  
and  found r e s i s t a n c e  i n c r e a s e s  w e r e  a s  large as  170 p e r c e n t  a f t e r  
50 h o u r s  a t  350°C i n  n i t r o g e n  ambien t s .  
s p u t t e r e d  C r - A u  f i l m s  are s imi l a r  a n d  t h e  magnitude o f  t h e  r e s i s t a n c e  
i n c r e a s e  i s  t o o  l a r g e  t o  be a s imple  o x i d a t i o n  o f  t h e  C r  f rom under  
t h e  A u .  The more p l a u s i b l e  e x p l a n a t i o n  l i e s  i n  s o l i d  s t a t e  r e a c t i o n s  
a n d  d i f f u s i o n  o f  t h e  Au i n t o  t h e  C r  ( o r  C r  i n t o  t h e  Au) which r e su l t s  
i n  t h e  f o r m a t i o n  o f  a h i g h  r e s i s t a n c e  i n t e r m e t a l l i c  compoand. 

' 

The r e s u l t s  found on t h e s e  

( l ) G .  L.  Schnable  and  R .  S .  Keen, "Study of Con tac t  F a i l u r e s  i n  
Semiconductor  Devices ,"  RADC-TR-66-165, F i n a l  R e p o r t ,  A p r i l  1966. 
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8 . 2 . 2 . 2  Go ld -S i l i con  Reac t ion  

I n  a c t i v e  d e v i c e  f a b r i c a t i o n ,  t h e  m e t a l l i z a t i o n  must make 
ohmic c o n t a c t  t o  t h e  S i  a t  t h e  emi t t e r ,  b a s e  and c o l l e c t o r  c o n t a c t s .  

-. I f  one  o f  t h e  metals i n  t h e  s y s t e m  i s  g o l d ,  i t  canno t  be p e r m i t t e d  

-1 e u t e c t i c .  I f  t h i s  happens,  t h e  t r a n s i s t o r  may be degraded by 
t o  come i n t o  c o n t a c t  w i t h  t h e  S i  a t  t e m p e r a t u r e s  n e a r  t h e  Au-Si 

(a) A u  doping r educ ing  ca r r i e r  l i f e t i m e  o r  (b) g o l d  a l l o y i n g  dowil 
i n t o  a j u n c t i o n  r eg ion ,  degrading  i t  seve re ly .  To t e s t  f o r  t h i s  
e f f e c t ,  a S i  wafer w i t h  t h e  oxide removed w a s  s p u t t e r e d  w i t h  metal 
i n  e a c h  run .  V i s u a l  i n d i c a t i o n s  of t h e  Au-Si a l l o y i n g  were sought  
a f t e r  v a r i o u s  t i m e s  a t  450°C. A glass  wafer w a s  a l s o  i n c l u d e d  ir, 

each r u n  so t h a t  t h e  base  o r  s u b s t r a t e  i n t e r f a c e  o f  t h e  d e p o s i t e d  
f i l m  c o u l d  be observed f o r  changes.  
o f  c o u r s e ,  w a s  t h a t  t h e  t i m e  r e q u i r e d  f o r  t h e  a l l o y l f i g  ever, t o  
occur  would i n c r e a s e  w i t h  C r  t h i c k n e s s .  T h i s  w a s  n o t  obse rved ;  a l l  
t h e  "no oxide"  w f e r s  a l l o y e d  w i t h i n  J5 hour  a t  450°C even though t h e  
t h i ckes t  C r  f i l m  w a s  1500 t o  1900 A .  

The expec ted  behav io r  here, 

0 0 

However, t h e  g l a s s  s u b s t r a t e  f i l m s  d i d  e x h i b i t  t h e  

a n t i c i p a t e d  b e h a v i o r .  T h a t  i s ,  t h e  t i m e  r e q u i r e d  a t  450°C Tor t h e  
Au c o l o r  t o  show on t h e  back  of t h e  C r - A u  d e p o s i t  
t h i c k n e s s .  The combined r e s u l t s  i n d i c a t e s  e i t h e r  t h a t  p i n h o l e s  i n  
t h e  C r  f i l m  speed  u p  t h e  Au-Si r e a c t i o n  o r  t h a t  s u f f i c i e n t  g o l d  

i n c r e a s e d  w i t h  C r  

d i f f u s e s  and  s ta r t s  t h e  r e a c t i o n s  b e f o r e  a v i s i b l e  change o c c u r s .  
i s  p o s s i b l e  t h a t  t h i c k e r  p inho le  f ree  C r  f i l m s  would i n h i b i t  t h e  Au-Si 
a l l o y  from forming b u t  t h i s  t r a d e - o f f  would r e s u l t  i n  h i g h e r  r e s t s t a n c e  
i n t e r c o n n e c t s  and  i n c r e a s e d  d i f f i c u l t y  i n  e t c h i n g  f i n e  l i n e s .  

It 

8 . 2 . 2 . 3  Chromium-Gold Adherence 

R e g a r d l e s s  of t h e  t h i c k n e s s ,  t h e  s p u t t e r e d  C r  f i l m s  a d h e r e  
w e l l  t o  t h e  S i 0 2  b u t  t h e  adherence  o f  t h e  Au t o  t h e  C r  depended on 
t h e  amount of  i n t e r f a c e  b e t w e e n  t h e  two. The adhe rence  (as i n d i c a t e d  
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0 by a p rob ing  t e s t )  of t h e  Au b e f o r e  bak ing  i s  s u f f i c i e n t ,  b u t  c e r t a i n  
f i l m s  s t a r t  t o  p e e l  i n  450°C s t ress  t e s t s .  I n  p a r t i c u l a r ,  t h e  A.u on 
t h e  z e r o  and  1 minute  i n t e r f a c e  f i l m s  s t a r t e d  t o  l i f t  o f f  t h e  C r  
w i t h i n  1 hour a t  450°C. 

-_ 
8 . 2 . 2 . 4  Chromium-Gold P a t t e r n i n g  

e 

A C r  p e l l e t  a c t i v a t e d  H C 1  s o l u t i o n  w a s  used  t o  e t c h  t h e  
f i l m s .  T h i s  e t c h  w a s  d i s c u s s e d  i n  S e c t i o n  8 . 1 . 1  and a n  e x a c t  etch- 
i n g  p rocedure  was fo l lowed precise1.y t o  o b t a i n  r e p e a t a b l e  r e s u l t s .  

The f o l l o w i n g  o b s e r v a t i o n s  were made on t h e  s e v e n t e e n  
d e p o s i t i o n s :  

(a) E t c h a b i l i t y  of t h e  C r - A u  d e c r e a s e s  a s  t h e  C r  t h i c k n e s s  
0 

i n c r e a s e s  u n t i l  C r  t h i c k e r  t h a n  approx ima te ly  2500 A 
c o u l d  n o t  be e t c h e d  i n  a r e p e a t a b l e  manner, p a r t i c u l a r l y  
i f  t h e  s u b s t r a t e s  a re  h e a t e d  t o  250°C d u r i n g  d e p o s i t i o n .  

(b)  Thickness  o f  C r  w a s  impor t an t  i n  e t c h i n g ;  however, t h e  
s u b s t r a t e  t empera tu re  d u r i n g  d e p o s i t i o n  a f f e c t e d  t h e  
e t c h i n g  a l s o .  For  example,  one run  w i t h  C r  t h i c k n e s s  = 

1600 t o  1900 A w a s  i n a d v e r t e n t l y  h e a t e d  a t  250°C f o r  
some 15  minu tes  l o n g e r  t h a n  t h e  s t a n d a r d  t i m e  u sed  and  
t h i s  wafer could  n o t  b e  e t c h e d .  The  C r  and  Au seemed 
t o  be a l l o y e d  i n  l a r g e  s p o t s  and  n e i t h e r  T e c h n i s t r i p ,  
aqua reg ia ,  o r  a c t i v a t e d  H C 1  would e t c h  t h e s e  areas. 

0 

(c) The f i l m s  w i t h  heavy i n t e r f a c e  d i d  n o t  e t c h  a s  e a s i l y  
as t h o s e  w i t h o u t  b u t  t h e  e f f e c t  was second o r d e r  as 
compared t o  C r  t h i c k n e s s  and  s u b s t r a t e  t e m p e r a t u r e .  
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0 The  most common e t c h  problem i s  d e s c r i b e d  by u n d e r c u t t i n g  
of t h e  Au by a l a t e r a l  e t c h  of  t h e  C r .  
of t h e  C r  w h i l e  a t t e m p t i n g  t o  e t c h  c l e a n  approx ima te ly  t h e  l as t  
t h i r d  of t h e  wafer.  
i n  T e c h n i s t r i p  o r  aqua regia and t h e  appea rance  o f  t h e s e  areas seemed 
t o  be  r e l a t e d  t o  e x c e s s i v e  t empera tu re  d u r i n g  d e p o s i t i o n .  

T h i s  o c c u r s  i n  the e t c h i n g  

I n  some c a s e s ,  areas o f  Au cou ld  n o t  be  removed 

-- 

.- 
8.3  HIGH CURRENT DENSITY TESTS WITH CHROMIUM-GOLD PIETAL&IZATIONS 

H i g h  c u r r e n t  d e n s i t y  t e s t s  of t h e  chromium-gold m e t a l l i z a t i o n  
a t  175°C ambient  have been ex tended  t o  a maximum t o t a l  l i f e  o f  2500 
h o u r s  p e r  s a m p l e .  The  r e s u l t s  are t a b u l a t e d  i n  T a b l e  V I  (usi-ng a 
50 p e r c e n t  conf idence  level);?. 

TABLE V I  
MEAN TIPIE TO FAILURE FOR CHROMIUM-GOLD 79ETALLIZA'l'T.ON 

CURRENT DENSITY AND RESISTIVITY 
I -..I"--- .- ----- 0 
I G 2 2x10 G A / c m  2 3.2~10 6 A/cm2 10 A / c m  

p = 4.3u 9-cm 
665 A C r  30,000 h r s .  4,400 h r s .  

p = 8 . h  SZ-CID 

2800 C k  30,000 h r s .  

700 A C r  
p = 7 . 2 ~  ha-cm 

- - - -  

650 h r s .  

1,000 h r s .  

--I- 

- - - -  

2 h r s .  

-1, 
A 

The p rev ious  r e p o r t s  have g iven  d a t a  c a l c u l a t e d  u s i n g  a 95 p e r c e n t  
c o n f i d e n c e  l eve l .  The  change t o  50 p e r c e n t  w a s  made t o  i n c l u d e  
a d d i t i o n a l  d a t a  from exper iments  where t h e  t i m e  t o  f a i l u r e  f o r  h a l f  
t h e  sample w a s  de te rmined .  
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The f a i l u r e  mechanism f o r  t h e  chromium-gold m e t a l l i z a t i o n  
i s  s e e n  i n  t h e  examinat ion  of  the f a i l e d  u n i t s .  The f a i l u r e s  were 
predominant ly  due t o  a n  i n c r e a s e d  r e s i s t a n c e  of t h e  metal s t r i p ,  
caused  by a n  a l l o y i n g  o r  d i f f u s i o n  o f  t h e  chromium and g o l d  l a y e r s .  
T h i s  h i g h  r e s i s t a n c e  mode has  been d i s c u s s e d  i n  S e c t i o n  8 . 1  and  8 . 2  
i n  r e f e r e n c e  t o  theririal t r e a t m e n t s  (450°C and no c u r r e n t )  o f  t h e s e  

r e s i s t a n c e  doub les  i n  a b o u t  500 hour s  w i t h  t h e  h i g h e r  r e s i s t i v i t y  
m e t a l l i z a t i o n s .  However, t h e s e  s t r i p s  w i l l  s t i l l .  c a r r y  c u r r e n t  and  
are a c t i n g  as r e s i s t o r s  a t  2500 h o u r s .  
F i g u r e  4 .  

a 

-_ 

r m e t a l l i z a t i o n s .  The r e s i s t a n c e  i n c r e a s e  i s  such t h a t  t h e  s t r i p  

A t y p i c a l .  case i s  shown i n  

T h i s  f a i l u r e  mode a p p e a r s  randomly a l o n g  t h e  s t r i p  on t h e  
samples  which have a n  "average c a l c z l a t e d  f i  I!n temperacure"  of  220" 
t o  285°C.  It h a s  n o t  y e t  appeared  i n  t h e  l o n g e r  l i f e  samples  which 
are  o p e r a t i n g  a t  abou t  185°C. The two f a i l u r e s  ( o u t  o f  30 samples)  
a t  t h e  lower t empera tu re  a r e  t y p i c a l  burn-out  opens ,  as  shown i n  
F i g u r e  5 ,  

2 

t h rough  each  u n i t  i s  moni tored  by d a t l y  measurements o f  ti:" vel-tage 
d r o p  a c r o s s  t h e  i n d i v i d u a l  externa.1- r e s i s t o r  i n  s e r i e s  w i t h  t h e  

. sample.  By o b s e r v i n g  t h i s  d a i l y  measurement, changes i n  t h e  s a m p l e  
r e s i s t a n c e  c a n  be s e e n ,  as  w e l l  a s  f a i lu re s  due t o  open c o n n e c t i o n s  
o r  f a i l u r e  o f  t h e  i n t e r c o n n e c t  s t r i p .  I n  t h e  case o f  t h e  chromium- 

Each g roup  was t e s t e d  a t  1 a n d  2 x l o 6  A/cni . The c u r r e n t  

go ld  saniples ,  t h e r e  have been no f a i l u r e s  due t o  opening of  t h e  s t r i p .  
However, t h e r e  h a s  been a n  i n c r e a s e  i n  t h e  s t r i p  r e s i s t a n c e  i n  t h e  
case of t h e  2 x 10 A / c m  t e s t .  T h i s  inxrease was v e r i f i e d  by removal 
of t h e  samples  and  measurements mzde w i t h  t h e  s e n s i t i v e  b r i d g e .  
example,  when t h e  c u r r e n t  measurement i n d i c a t e d  a n  a v e r a g e  i n c r e a s e  of 

14 ohms, t h e  b r i d g e  i n d i c a t e d  an a v e r a g e  of 13 ohms.  

6 2 

For  

2 9  



800X 

Figure 4.  Photomicrograph of Cr Au 2 x 10 6 A/cm2 

(Resistance increased from 12 to 50 ohms 
after 764 Hours) 

6317-6-7  
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800X 

Figure 5 .  Photomicrograph of Cr Au Showing 
Typical Burn-out Opens 

6318-6-7 
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6 2 T h e  sample o f  10  a t  1 . 9  x 10 A / c m  showed a n  a v e r a g e  
i n c r e a s e  a t  100 hours  of 3.3 ohms o r  25 p e r c e n t ,  w i t h  some 
i n d i v i d u a l s  showi-ng n e a r l y  a 100 p e r c e n t  i n c r e a s e .  The  e s t i m a t e d  
average f i l m  t empera tu re  (oven 4- I R drop)  w a s  224°C.  A t  250 hours ,  
50 p e r c e n t  o f  t h e  sample had increr ised more t h a n  100 p e r c e n t ,  w i t h  
a n  a v e r a g e  i n c r e a s e  o f  5 . 5  ohms o r  44 p e r c e n t .  A c o n s t a n t  v o l t a g e  
s o u r c e  i s  used ;  s o  t h e  c u r r e n t  f e l l  s l i g h t l y  t o  1 . 8 4  x 10 
a l t h o u g h  t h e  e s t i m a t e d  average f i l m  t empera tu re  r o s e  t o  239°C. A t  
500 h o u r s ,  a l l  t h e  samples  had i n c r e a s e d  greater  t h a n  100 p e r c e n t ,  
w i t h  a n  average i n c r e a s e  o f  3 1  ohms o r  250  p e r c e n t .  The c u r r e n t  
l eve l  had f a l l e n  t o  1 .67  x 10 A/cm2,  w i t h  a n  e s t i m a t e d  a v e r a g e  f i l m  
t e m p e r a t u r e  o f  259°C.  D e s p i t e  the i n c r e a s i n g  f i l m  t e m p e r a t u r e ,  t h e r e  
were no f a i l u r e s  from open o r  fused  i n t e r c o n n e c t i o n  s t r i p s .  Samples 
o f  t h i s  m e t a l l i z a t i o n  ( 2 8 0 0  
showed a p o s s i b l e  i n c r e a s e  o f  approx iwa tc ly  0.G ohm o r  4 . 5  p e r c e n t  
a f t e r  500 hour s .  The f i l m  temperatxre w , c  e s t h a t e d  a t  186°C.  

2 

-- 

6 2 
A/cn , 

c 

6 

2 chromium) i n  t e s t  a t  1 x lo6 A/cm 

0 

Samples w i t h  a t h i n n e r  chro1.nium k . y e r  ( 6 6 5  A )  Gn therilial 
ox ide  showed a n  i n c r e a s e  a f t e r  500 l-Loilrs of 0.8 ohm or  5 .7  p e r c e n t  
a t  2 x 10  
f i l m  t e m p e r a t u r e s  are  e s t i m a t e d  a t  186" and 180"C, r e s p e c t i v e l y .  

e 
6 2 A / c m  , and 0.3  ohm o r  2 . 5  p e r c e n t  a t  1 x IO6 A/cn?.  The 

Dur ing  t h e  measurements o f  t h e  s t r i p s  u s i n g  t h e  b r i d g e ,  
t h e  1 - m i l  l i n e s  w e r e  a l s o  checked. T h e s e  had no c u r r e n t  th rough them 
and were, t h e r e f o r e ,  n e a r  t h e  oven t empera tu re  o f  175°C. These samples  
shewed a p o s s i b l e  i n c r e a s e  of  0 . 2  ohm o r  3 p e r c e n t  a f t e r  500 hour s .  

I f  one p l o t s  t h e  i n c r e a s e  i n  r e s i s t a n c e  a f t e r  500 hour s  a s  
a f u n c t i o n  of t h e  r e c i p r o c a l  of t h e  a b s o l u t e  t e m p e r a t u r e ,  as shown i n  
F i g u r e  6 ,  t h e  a c t i v a t i o n  energy o r  t empera tu re  c o e f f i c i e n t  o f  t h e  
p r o c e s s  i s  de te rmined  as a b o u t  42,000 c a l / m o l e .  T h i s  i s  v e r y  n e a r  t h e  
value ( 4 1 , 7 0 0  ca l /mole )  g i v e n  as t h e  se l f  d i f f u s i o n  c o e f f i c i e n t  of 
go ld .  It i s  d o u b t f u l  i f  t h e  t e m p e r a t u r e s  o f  t h e  f i lms and t h e  

( ' ) F e i s s e l  & Armstrong, T r a n s a c t i o n s  _. o f  - the AIME, -- V o l .  2 3 0 ,  ( 4 ) ,  
867 ( 1 9 6 4 ) .  
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o t h e r  parameters  a re  known well  enough t o  c i t e  these experirncncs a s  
proof  o f  any s p e c i f i c  t h e o r y ,  b u t  t h e  r e s u l t s  a re  c e r t a i n l y  
s u g g e s t i v e  t h a t  t h e  r e s i s t a n c e  i n c r e a s e  i s  a d i f f u s i o n  l l r n i t e d  
p r o c e s s .  

0 

8.4  CHROMIUM-GOLD METALLIZATION - CONCIJJSIONS 

Chromium-gold i n t e r c o n n e c t i o n  m e t a l l i z a t i o n  has  so far  c 

. shown t o  be incompa t ib l e  i n  t r a n s i s t o r  and  i n t e g r a t e d  c i r c u i t  
f a b r i c a t i o n  because  o f  t h e  f o l l o w i n g  resu l t s .  

0 

(a) Chromium t h i c k n e s s e s  g r e a t e r  t h a n  2000 A are  r e q u i r e d  
t o  p reven t  g o l d  d t f f u s i n g  through t h e  chroiiiium and 
a l l o y i n g  w i t h  t h e  u n d e r l y i n g  sil.icor-1 w i t h i n  a 3; hour  
tirrie p e r i o d  a t  450°C.  

(b) The r e s i s t i v i t y  o f  C r  4- A u  f i l m  w i t h  chromium l a y e r s  
t h i c k e r  t h a n  1000 A hcrease  more t h s n  200 p e r c e n t  
w i t h i n  1 hour  a t  L+5O0C. 

0 

(c) Chrornium-gold f i l m s  w i t h  a chromium layer  t h l c k e r  
t h a n  2000 A cannot  be e t c h e d  i n  2. r epea tab12  mapner. 

0 

(d) S u b s t r a t e  tempera ture  d u r i n g  d e p o s i t i o n  o f  greater  
t h a n  250°C o r  a s i g n i f i c a n t  i n t e r f a c e  between t h e  
chromium and gold l a y e r  i n c r e a s e s  t h e  ra te  o f  
r e s i s t i v i t y  change and  a l s o  i n c r e a s e s  t h e  d i f f i c u l t y  
w i t h  e t ch i r , g .  Such i n t e r f a c i n g  i s  r e q u i r e d  i n  o r d e r  
t h a t  re l iab le  adhes ion  e x i s t s  between t h e  chrcmium 
and g o l d  f o r  all methods of f i l m  d e p o s i t i o r ,  an2  
subsequent  p rocess ing .  
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The e t c h i n g  problem by i t s e l f ,  w h i l e  t roublesonie ,  w o ~ i l d  
n o t  r e n d e r  t h e  Cr-Au system incompa t ib l e .  Undoubtedly,  f u r t h e r  
e x p e r i m e n t a t i o n  w i t h  d i f f e r e n t  e t c h  s o l u t i o n s  and  p rocedures  cou id  
overcome t h i s  problem. Even i f  t h i s  d i d  n o t  prove t o  bs  t r u e ,  a 
reverse masking p rocess  might  b e  u sed .  

The more fundamental  problem i s  i n  t h e  Cr-Au sys tem i t s e l f  
and  t h e  r a p i d  rate o f  s o l i d  s t a t e  d i f f u s i o n  and  r e a c t i o n s  i n d i c a t e d  
by t h e  t empera tu re  i n s t a b i l i t y  i n  r e s i s t a n c e .  The r e s u l t s  h e r e  shcw 
tha.t  even  2000 A of C r  i s  n o t  s u f f i c i e n t  t o  s t o p  the al loyj .ng of rlu 
w i t h  S i  i n  s h o r t  t e r m  450°C bakes .  Even if t h e  C r  c o u l d  be i n c r e a s e d  
i n  t h i c k n e s s  t o  i n h i b i t  t h e  Au d i f f u s i o n  t o  t h e  S i ,  thE? a s s o c i a t e d  
l a r g e  r e s i s t a n c e  i n c r e a s e  could  n o t  be t o l e r z t e d  i n  a n  o p e r a t i o n s 1  
c i rcu i . t  . 

The  use o f  C r - A u  meta?lizp-ti .on j -s nDt rcccn!iiienCcc! f o r  1.is2 

i n  a h i g h  r e l i a b i l i t y  integrated c i r c u i t  t echnology which  r e q u i r e s  
450°C - $ hour  a i r  bakes  i n  t h e  p r o c e s s i n g .  
c i r c u  i t fa b r  ica  t i o n  p r o  ce s s wh i c  fi doe s n o t  re qu i - r  e t en p e r  a cur  e .- t i:nc s 
a c  h i g h  ils $ 5 2 " C  - !5 h o ~ r ,  C r - A u  may be a compa t ib l e  r r c L 2 i l i x z i t i o n  
sys tem.  Si~c f ,  :t process  c o u l d  b e  envis j -oced  a s  a IQVJ t:mprlI s tui-e  6 l c  
bonding p rocess  combined w i t h  u l t r a s o n i c  w i r e  Sonding (o r  1-ov tempera- 
ture w i r e  bond ing) .  The d i e  cou ld  t h e n  be encapsul -a ted  i r ?  a ?ow 
t e m p e r a t u r e  s e a l i n g  p l a s t i c .  

0 However, i n  a trzcsi~tor-. 
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SECTION I X  

9.0 MOLY BDEN'JM- GOLD 

I- 

C 

Molybdenum-gold systems are more s t a b l e  a t  e l e v a t e d  
t e m p e r a t u r e s  t h e n  t h e  chromium-gold s y s  t e m ,  b u t  t h e  molybdenum i s  
r e a d i l y  d i s s o l v e d  d u r i n g  a b o i l i n g  water h igh  stress r e l i a b i l i t y  
t e s t .  
e s p e c i a l l y  i n  e x t r a - l a y e r  p a s s i v a t e d  o r  m u l t i l a y e r  s t r u c u t r e s  where  
a glass p a s s i v a t i o n  l a y e r  can  be used  t o  p r o t e c t  t h e  molybdenum. 
The e t c h i n g  o f  t h e  molybdenum system i s  much s i m p l e r  t h a n  t h e  
cor respoDding  chromium s y s t e m .  
d i s c u s s e d  i n  t h e  s e c t i o n  on chromium-gold w e r e  u sed  w i t h  t h e  
molybdenuo-gold exper iments .  

It appears  t h a t  t h i s  will n o t  be a b a s i c  l i m i t a t i o n ,  

T h e  same tes t  v e h i c l e s  as p r e v i o u s l y  

9 . 1  DEPOSITION AND CONTROL OF EVAPOUTED FIT,P?S OF 
MOLY EDE NUM- GOLD 

0 
A " s t anda rd ized"  vacuum depos i t t ion  c y c l e  h a s  been dev2.loped 

f o r  molybdenum-gold. T h e  s u b s t r a t e  i s  h e a t e d  t o  260°C and a b o u t  
1000 A of molybdenum i s  d e p o s i t e d  u s i n g  e l e c t r o n  beam h e a t i n g  of a 
molybdenum t a r g e t ,  f r~l lovred by a b o u t  300 A of g o l d  ( s u b s t r a t ?  tempers-  
tures as h igh  as 320°C produced no s i g n i f i c a n t  change i n  r e s i s t i v i t y ) .  
The s u b s t r a t e  i s  c o o l e d  t o  l e s s  t han  100°C, and  a b o u t  3000 A of  
a d d i t i o n a l  go ld  i s  d e p o s i t e d .  The pressure i s  m a i n t a i n e d  less  t h a n  

t o r r ,  and t h e  samples a r e  c o o l e d  t o  less t h a n  4 0 ° C  b e f o r e  t h e  
sys t em i s  opened. 
c a n  b e  r e s i s t a n t  t o  t h e  normal e t c h a n t s  u s e d ,  and c a u s e  d i f f i c u l t y  
i n  d i r e c t l y  e t c h i n g  f i n e  p a t t e r n s .  

0 

0 

The i n t e r f a c e ,  formed by b l e n d i n g  t h e  ~ W O  metals, 

The t h i c k n e s s  of t h e  molybdenum w a s  v a r i e d  from <lo0 t o  
0 

2080 A ,  a s  shown i n  Table V I I .  
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TABLE V I 1  

EVAPORATED MOLYBDE13UI4-GOLD METALLIZATIONS 
RESISTIVI'I'Y I N  MICROHM-CM VS MOLYBDENUIvI THICKNESS 

Mo 
Th i c k n e  s s 

T o t a l  
T h ickne  s s 

Mo & A u  
R e s i s t i v i t y  as Depos i t ed  

360 I 2661 

0 

2 . 9  

2800 A 

840 

1200 
- 

2.7 

2800 I 4.3 (323°C s u b s t r a t t ? )  

38 1.0 i- 4 . 1  (320°C s u b s t r a t e )  
--- -- 

4.0 I 390 I 2668 

750 I 3000 I 4.1 

DEPOSITION AND CONTROL OF SFlJTTERED MOLYBCENTJM-GOLD FIL?IS -- -_I_-- I____II-.____-- 9.2  

A series of molybdenum-gold f i l m s  w a s  s p u t t e r e d  o n t o  
o x i d i z e d  s i l i c o n  wafers. A s t a n d a r d  t r i o d e  s p u t t e r i n g  procedure  
h a s  been  e s t a b l i s h e d  as fo l lows :  

(1) L e t  sys tem plimp t o  less t h a n  8 x t o r r  f o r  k fiour. 

(2) Heat s u b s t r a t e  t o  250" t o  3Or3"C and  ho ld  f o r  k hour. 
The t i m e  may be p a r t  of t h e  pumpdown. 

(3) B a c k f i l l .  t o  1 micron wi-th a r g o n  and  ho ld  p r e s s u r e  s t a b l e .  

(4 )  P r e s p i i t t e r  w i t h  s u b s t , r a t e s  p r o t e c t e d  by s h u t t e r .  
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(5) Open s h u t t e r  a n d  s p u t t e r  ~,IO w i t h  GOO V f o r  6 minu tes .  
A f t e r  3 minutes  t h e  b i a s  is s e t  a t  - 5 0  v o l t s  and  t h e  
s u b s t r a t e  c o o l i n g  a i r  t u r n e d  on.  The observed  r a t e  
has  been 150 t o  170 A/minute.  

0 

(6) I f  a n  i n t e r f a c e  i s  d e s i r e d ,  c o s p u t t e r  w i t h  1000 v o l t s  
on t h e  g o l d  t a r g e t  and  600 v o l t s  on t h e  molybdenum 
t a r g e t ,  w i t h  -50 v o l t  b i a s  on s u b s t r a t e .  The 
d e p o s i t i o n  r a t e i s  t y p i c a l l y  200 t o  250 A/minute.  

0 

(7) Turn o f f  b i a s ,  ground s u b s t r a t e ,  f o r c e  c o o l  s u b s t r a t e  
h o l d e r .  S p u t t e r  g o l d  a t  60'3 v o l t s  f o r  60 rninut:es. 

The s p u t t e r e d  molybdenum f i l m s  gave resistlxTitics of 
approx ima te ly  15 microhm-cm. Moiybdenu:n-go1 d f i l m  v a r i e d  from 
8 t o  1 2  microhm-cm. 
d e p o s i t i o n  parameters  w a s  masked by t h c  v a r i a b i l i t y  o f  rhe  d e p o s i t e d  
f i l m  foucd a c r o s s  t h e  s u b s t r a t e  h o l d z r .  Th ickness  v a r i a t i o n s  across 
t h e  3 x 4 i n c h  h o l d e r  as h i g h  as  30 p e r c e n t  hzve been obse rved .  A 
t y p i c a l  r e s u l t  i s  4500 A _I. -1-1200 A ,  o r  27 p e r c e n t .  T h i s  v a r t a t i o n  was 
dependent  on l o z a t i m i  of t h e  m f e r  i n  t h e  h o l d e r  and jnd-3pmdenr. of 
t h e  m e t a l  b e i n g  s p u t t e r e d .  

Any c o r r e l a t i o n  between r e s i s t i v i ty  a n d  

0 
0 0 

3.3 PATTERNING - OF MOLYBDENUM-GOLD - - 

The t es t  p a t t e r n  w a s  t h e  same as t h a t  u s e d  i n  t h e  chromium- 
g o l d  expe r imen t s  d i s c u s s e d  p r e v i o u s l y .  T h i s  p a t t e r n  w a s  e t c h e d  from 
t h e  d e p o s i t e d  f i l m s  a f t e r  a p p r o p r i a t e  p h o t o r e s i s t  masking as f o l l o v s :  
The g o l d  i s  removed by T e c h n i s t r i p  and a w a r m  nitric-acetic-phosphoric 
a c i d  m i x t u r e  w a s  u sed  f o r  t h e  molybdenum. 
i n t e r m e t a l l i c  i n t e r f a c e  compound w a s  p r e p a r e d  by c o d e p o s i t i o n ,  the  
i n t e r f a c e  w a s  r a p i d l y  removed by t h e  molybdenum e t c h  a t  40" t o  4 5 ° C .  
I f  t h e  e t c h  w a s  u sed  a t  room tempera tu re ,  t h e  r e a c t i o n  a t  t h e  i n t e r f a c e  

I n  t h e  c a s e  where a n  
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w a s  very s low,  and o f t e n  a s u r f a c e  f i l m  w a s  l e f t  a t  t h e  Mo-Si02 
i n t e r f a c e .  The d e f i n i t i o n  was e x c e l l e n t  down t o  t h e  k - m i i  l i n e  
w i d t h s .  

a 

9 . 4  DEVICE CMRACTERISTICS USTNG MOLYBDEN-JM-GOLD METALLIZATIOK 

Molybdenum-gold m e t a l l i z a t i o n s  u s i n g  t h e  s t a n d a r d  
vacuum d e p o s f t i o n  procedure  have g iven  f i lns  w i t h  s a t i s f a c t o r y  
adhe rence  and r e s i s t i v i t i e s .  Wire bonding t o  t h e  g o l d  0 l a y e r  has 
been  s a t i s f a c t o r y  w i t h  f i l m s  c o n t a i n i n g  a t  least  1000 A of  g o l d .  
The ohmic c o n t a c t  v e h i c l e s  gave normal v a l u e  of a b o u t  1 ohm between 
two a d j o i n i n g  s i l i c o n  c o n t a c t s ,  comparing f a v o r a b l y  w i t h  aluminum. 
The w i r e  bond measurement was i n i t i a l l y  0.54  ohm. S a t i s f a c t o r y  MOS 
d e v i c e s  were made w i t h  t h e  V measured as 4 . 3  v o l t s  f o r  the e v a p c r a t c d  
f i l m  and 3 . 4  v o l t s  f o r  t h e  s p u t t e r e d  f i l m .  

o- 

t 

r, 
10 obsr-zve any e f f e c t s  o f  the s p u t t e r i n g  p r o c e s s  and  t h e  

0 molybdc!-1uiu-goirl m e t a l l - i z a t i o n  on t r z n s i s t o r  q u a l i t y ,  t w o  N P N  
t r a n s i s t o r  w a f e r s  w i t h  X 
(cp- 0.03 ohm-cn) were m e t a l l i z e d  u s i n g  t h e  s t a n d a r d  s p u t t e r e d  
Ko-Au. The v a r i o u s  t r a n s i s t o r  parameters are s u m a r i z e d  i n  Tablc.e 
VI11 and 1 X .  

-2 microns ,  Rs = 160 ohms p e r  s q u a r e  
j B  

From t h e  expe r imen t s  w e  n o t e  t h e  f c l l o w i n g :  

(a) A s l i g h t  d r o p  i n  hFE may be  caused  by t h e  s p u t t e r i n g ,  
b u t  t h e  s p u t t e r i n g  process used  d i d  n o t  severely 
degrade  t h e  t r a n s i s t o r s .  

(b) For  low r e s i s t i v i t y  "P" b a s e  ( p  -0.03 ohm-cm) Mo-Si 
P 

ohmic c o n t a c t s  may n o t  be  a problem i f  t h e  S i  i s  c l e a n .  
Comparing t h e  VBES v a l u e s  w i t h  A1 c o n t a c t e d  wafers 
from t h e  same d i f f u s i o n  lac, t h e  Mo-Au i s  on1.y s l i g h t l y  
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TABLE V I 1 1  

Before Metal- 
l i z a t  ion  

Af te r  Sput ter ing 
Mo -Au;k 

SPUTTERED MOLYBDENUM-GOLD 
3 / 1 4 / 6 7  RUN 

= 10 mA 
hFE a t  V, = 1 V = I d  
0.1 mA 1 m A  'BES 

I 

30 4 0  

27 28 0.9 v 
- 

" 

3 0  I 28 
After  Cleaning -1 0.9 v 

JX 
+E extremely uniforin over whole wafer. 

= O m A  

- 
a t  Vc = 1 V 

0.1 mA 1 m A  

4 0  45 

i hFE 
Before Metal- 
1 i z a t  i on 

After  Sputtered 
Mo-AU 30 35 1.05 V 

- 
After  Cleaning 35 4 0  1.1 v 
f - . 

TABLE IX 

ON TRANS ISTORS 
SPUTTERED Mo-AU AFTER EVAPOKATED ALUMIP\JUI4 
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h i g h e r .  
and  I X )  on t h e  two wafers i s  due t o  poor Mo-Si 

The l a c k  of  agreement  i n  VBES (Tab les  V I 1 1  

c o n t a c t .  The area o f  Mo-Si c o n t a c t s  w i l l  c o n t i n u e  
t o  be i n v e s t i g a t e d .  

( c )  No i n d i c a t i o n  of Au-Si a l l o y i n g  w a s  s e e n  a f t e r  450°C 
for 15 minu tes .  

The e x c e l l e n t  thermal  p r o p e r t i e s  o f  t h e  molybdenum-gold 
sys tem,  i t s  c o m p a t i b i l i t y  t o  f i n e  l i n e  p a t t e r n s  by d i r e c t  e t c h i n g ,  
and  i t s  demonst ra ted  h igh  c u r r e n t  performance s u g g e s t  t h a t  t h e  
sys t em be s t u d i e d  i n  g r e a t e r  d e t a i l .  S p e c i f i c a l l y ,  t h e  h i g h  
r e s i s t i v i t y  problem of t h e  s p u t t e r e d  material shou ld  be  i n v e s t i g a t e d ,  
and h i g h  c u r r e n t  tests a t  lower ambFent t e m p e r a t u r e s  (-100°C) shou ld  
be  c o n s i d e r e d .  
t h e  e x t e n s i o n  of t h e  molybdenum-gold m e t a l l i z a t i o n  t o  m u l t i l a y e r  t es t  
v e h i c l e s .  A l s o ,  h igh  t empera tu re  t es t s  shou ld  be  c o n s i d e r e d  t o  
e l u c i d a t e  t h e  mechanism o f  t h e  f a i l u r e s  seer?, and e s t a b l i s h  some 
t e m p e r a t u r e  l i m i t s  f o r  t h e  system. 

The combinat ion o f  t h e  f a v o r a b l e  p r o p e r t i e s  suggest 

0 

9.5 RELIABILITY UNDER STRESS AGING 

Wire bond tes t  v e h i c l e s  of  e v a p o r a t e d  molybdenum-gold 
f i l m s  showed a s l i g h t  d e c r e a s e  i n  r e s i s t a n c e  from 0 . 5 4  t o  0 .46  ohm 
i n  1000  hours  a t  300°C i n  dry  a i r .  Heat.ing i n  a i r  a t  450°C f o r  as  
long  as 18 hours  showed a similar s l i g h t  d e c r e a s e  i n  r e s i s t i v i t y  
w i t h  t h e  e v a p o r a t e d  f i l m s .  The r e c e n t  s p u t t e r e d  f i l m s  w e r e  a l so  
h e a t e d  i n  a i r  a t  450°C. 
25 p e r c e n t )  i n  t h e  resistance o c c u r r e d  i n  t h e  f i r s t  2 h o u r s .  On 
o v e r n i g h t  bak ing  a t  450°C i n  a i r ,  t h e  r e s i s t a n c e  i n c r e a s e d  s l i g h t l y  
t o  v a l u e s  s l i g h t l y  h i g h e r  (0 t o  25 p e r c e n t )  t h a n  i n i t i a l .  The 
e x c e p t i o n  of  t h i s  w a s  t h e  c a s e  where a n  e s t i m a t e d  1200 t o  1500 A of 
i n t e r f a c e  w a s  b lended  i n t o  t h e  d e p o s i t i o n .  T n i s  f i l m  showed a n  
i n i t i a l  d e c r e a s e  (approximate ly  25 p e r c e n t )  i n  r e s i s t a n c e ,  bu t  a f t e r  

Again,  a s l i g h t  d e c r e a s e  (approximate ly  0 t o  

0 
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o v e r n i g h t  a t  450°C i n  a i r ,  t h e  0.5-  arid 1 - m i l  l i n e s  were comple te ly  
open. V i s u a l  examinat ion  s u g g e s t s  a r e a c t i o n  of t h e  molybdenum and 
g o l d  o r  o x i d a t i o n  of t h e  molybdenum o r  b o t h .  The f i n e r  l i n e s  were 
comple t e ly  removed, w i t h  a n  o u t l i n e  on t h e  ox ide  s u r f a c e  where  t h e  
m e t a l  had o r i g i n a l l y  been.  The 2-mil  l i n e s  were reduced t o  p e r h a p s  
0.5 m i l  by t h e  r e a c t i o n .  
t h e  18-hour  bake caused  t h e  fo rma t ion  of  p i n h o l e s  i n  t h e  f i l m ,  t h e  
resul t  of  l o c a l i z e d  r e a c t i o n  w i t h  t h e  s u b s t r a t e .  

0 

I n  t h e  case where t h e  Mo w a s  - <800 A t h i c k ,  

4.3 
5 .1  

7 .2  S p u t t e r -  
e d  F i lm  9.4 

10 .4  

9.6 HIGH CURRENT DENSITY TESTS WITH MOLYBDENUM-GOLD 
METALLIZATION 

11,200 h r s .  11,200 h r s .  ---- 
30,000 h r s .  20,000-30,000 420 h r s .  

7 ,900 h r s .  7 1  h r s .  ---- 
---- 310 h r s .  ---- 
---- 10 h r s .  ---- 

The h igh  c u r r e n t  d e n s i t y  t e s t s  a t  175°C ambient: have been 
c o n t i n u e d  t o  a maximum l i f e  per  s a m p l e  of 2500 h o u r s .  S p u t t e r e d  
molybdenum-gold m e t a l l i z a t i o n s  w e r e  added la te r  t o  the t e s t  and  a 
stress l e v e l  of abou t  3 .75  x 10 A / c m  w a s  i n c l u d e d .  The r e s u l t s  
are shown i n  Tab le  X ( u s i n g  a 50 p e r c e n t  c o n f i d e n c e  l eve l ) .  

6 2 
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It L~ a p p a r e n t  t h a t  t h e  h i g h e r  r e s i s t i v i t i e s  are 
a s s o c i a t e d  w i t h  t h e  reduced l i fe t imes.  The s p u t t e r e d  f i l m s ,  w i t h  
t h e i r  h i g h e r  r e s i s t i v i t i e s ,  are poore r  t h a n  t h e  e v a p o r a t e d  f i l m s .  
However, i f  t hey  are  compared a t  e q u i v a l e n t  "average c a l c u l a t e d  
f i l m  t e m p e r a t u r e s , "  they  appea r  e q u a l .  The 3 . 7 5  x 10 A / c m  and 
p = 5.1  microhm-cw gave 241°C and 420  h o u r s ;  w h i l e  t h e  1 . 7 5  x 10 
A / c m  and p = 9.4  microhm-cm gave 243°C and  310 h o u r s .  

0 

6 2 
6 - 

2 
rc 

The f a i l u r e  mechanism a p p e a r s  compl i ca t ed  i n  t h e  
molybdenum-gold s y s t e m .  
t h o s e  i n  t h e  e v a p o r a t e d  m e t a l  s y s t e m ,  a p p e a r  predominant ly  as opens.  
I n  some c a s e s ,  a h i g h  r e s i s t a n c e  mode i s  observed  p r i o r  t o  f a i l u r e .  
T h i s  i s  i l l u s t r a t e d  by t h e  example i n  F i g u r e  7 .  

The  e a r l i e r  f a i l u r e s ,  and p a r t i c u l a r l y  

0 

T h i s  f a i l u r e  occur red  a t  t h e  p o s i t i v e  end of t h e  s t r i p ,  
and showed t h e  moly remain ing  unde r  s c a t t e r e d  d i s c o n t i n u o u s  gold  
p a r t i c l e s .  A more obvious  case o f  go ld  f u s i n g  i s  shown i n  F i g u r e  8 .  

T h i s  o c c u r r e d  i n  175 hours  w i t h  a c u r r e n t  d e n s i t y  of 
1 x 10 A / c m  and  a n  "e s t ima ted  a v e r a g e  f i lm  t empera tu re"  of 180°C. 
T h i s  i s  t h e  s i n g l e  f a i l u r e  i n  a group o f  n i n e  samples  wii-h a n  
accumula ted  l i f e  of 19 ,064  hours  (mtf = 11 ,200  h o u r s ) .  

6 2 

0 

The s p u t t e r e d  mol.ybdenum-gold f i l m s  have p e r h a p s  300 A of  
i n t e r f a c e  b l ended  d u r i n g  t h e  d e p o s i t i o n .  I n  a d d i t i o r . ,  t h e  t a r g e t  
a r rangemznt  a l l o w s  t h e  c r o s s  con tamina t ion  of t h e  two metal s p u t t e r -  
i n g  targets.  T h e s e  f i l m s  a r e  c h a r a c t e r i z e d  by a h i g h  r e s i s t i v i t y  
and  show predominant ly  a h igh  r e s i s t a n c e  t y p e  o f  f a i l u r e  of  tl-e t y p e  
shown i n  F i g u r e  9.  

T h i s  f i l m  showed a r e s i s t a n c e  of 3 9 . 8  ohms ( i n i t i a l  = 8 ohms) 
6 2 a f t e r  4 8 0  hours  a t  3 . 6 5  x 10 A / c m  and 175°C ambien t .  The  f a i l u r e  

o c c u r r e d  a t  t h e  p o s i t i v e  end of t h e  s t r i p  and  shows " a l l o y i n g "  of 
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F i g u r e  7 .  Evaporated Mo-Au 3.75 x 10 6 A / c m  2 
480 hours 102 ohms t-241°C Res i s t ance  
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6 2 F igu re  8 .  Evaporated Mo-Au 10 A/cm 
175 hours  

. 

6320-6-7 
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Figure 9 .  S p u t t e r e d  Mo-Au 3 . 6 5  x 10 6 A / c m  2 
480  hours 

6321-6 -7  
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t h e  metals. I n  t h e  s p u t t e r e d  (biended)  f i l m s ,  t h i s  i s  s e e n  a t  
2 x 10  A / c m  and a f i l m  t empera tu re  of  202"C, w h i l e  i n  t h e  
e v a p o r a t e d  f i l m s  i t  appea red  only a t  -240°C.  

6 2 

T h i s  behav io r  w a s  a l s o  s e e n  i n  t h e  thermal -only  s t r e s s i n g ,  
where t h e  b l ended  s p u t t e r e d  f i l m s  showed a n  i n c r e a s e d  r e s i s t i v i t y  
on b a k i n g  i n  a i r  a t  450°C, and  a f t e r  o v e r n i g h t  were comple te ly  open. 

Thus i t  a p p e a r s  t h a t  t h e r e  i s  a mode o f  f a i l u r e  i n v o l v i n g  
a l l o y i n g  or  r e a c t i o n  o f  t h e  molybdenum and g o l d  l a y e r s ,  which,  
a l t h o u g h  i t  a p p e a r s  on ly  a t  t h e  h i g h e r  t e m p e r a t u r e s ,  h i g h e r  stresses,  
and  l o n g e r  t i m e s ,  may be s i g n i f i c a n t .  

An a d d i t i o n a l  p o s s i b l e  weakness may a l s o  deve lop  i n  t h e  
a l l o y i n g  of t h e  g o l d  w i t h  t h e  s i l i c o n  by p e n e t r a t i o n  of t h e  molybdenum 
l a y e r .  I n  cases where t h e  molybdenum i s  less t h a n  2000 A t h i c k ,  
r e a c t i o n  o f  t h e  go ld  w i t h  t h e  s i l i c o n  h a s  been observed a f t e r  ove r -  
n i g h t  a t  450°C. 
moly-gold c o n t a c t  d e p o s i t e d  over  a 2 x 2 m i l  opening  etcheci th rough 
10,000 A of  the rma l  ox ide  t o  t h e  s i l i c o n  s u b s t r a t e .  I n  t h i s  case, 
t h e  1400 A of molybdenum-alloyed e x t e n s i v e l y  a f t e r  overni-ght a t  4 5 0 " C ,  
a l t h o u g h  f o r  several hour s  no s i g n i f i c a n t  r e a c t i o n  w a s  observed .  
T e s t s  w i t h  -2000 A o f  molybdenum have shown greater  r e s i s t a n c e  t c  
a l l o y i n g ,  and no d i f f i c u l t i e s  have been encoun te red  i n  normal 450°C 
p r o c e s s i n g  o r  i n  subsequent  s h o r t  t e r m  300°C tes t s .  

0 

T h i s  i s  shown i n  F i g u r e  10,  which shows a 4 x 4 m i l  e 
0 

\ 9 . 7  MOLYBDENUM-GOLD METALLIZATION CONCLUSIONS 

The molybdenum-gold m e t a l l i z a t i o n  sys t em has n o t  as  y e t  
p r o g r e s s e d  th rough  t h e  many tes t s  used  i n  e v a l u a t i n g  chromium-gold 
s o  c o n c r e t e  c o n c l u s i o n s  canno t  be  f o r m u l a t e d  a t  t h i s  t i m e .  The 
f o l l d w i n g  s t a t e m e n t s  c o c c e r n i n g  moly-gold c a n  be  made: 

47 



c 

Ir 

640X 

Figure 10. 1400 d Mo + 1 9 6 0  1 (Failed af ter  48 hours 
a t  4 5 O O C )  
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0 Molybdenum-gold i s  c o n s i d e r a b l y  more s t a b l e  a t  
e l e v a t e d  t empera tu res  t h a n  t h e  chromium-gold. 

Molybdenum-gold, a l t h o u g h  n o t  w i t h o u t  problems, i s  
c o n s i d e r a b l y  e a s i e r  t o  e t c h  i n t o  f i n e  l i n e  i n t c r -  
c o n n e c t i o n s  than  chromium-gold. 

Using a iiiinimum o f  i n t e r f a c i a l  mix ing ,  t h e  moly-gold 
f i l m s  do n o t  undergo t h e  l a r g e  i n c r e a s e s  i n  r e s i s t i v i t y  
obse rved  w i t h  C r  -I- Au due t o  h i g h  t e m p e r a t u r e  bak ing .  

Th ick  i n t e r f a c i a l  mixing restilts i n  severe f i l m  
d e g r a d a t i o n  i f  t h e  f i l m  i s  s u b j e c t e d  t o  h igh  
t empera tu re  a i r  b a k e s .  

No a l l o y i n g  o f  go ld  i n t o  t h e  under lyI r tg  s i l i c o n  wil.3. 
occu r  i f  t h e  molybdenum f i l m  i s  free cf p inholes  over  
t h e  exposed s i l i c o n .  

Mean t i m e  t o  f a i l u r e  as p r e d i c t e d  from t h e  h i g h  
c u r r e n t  d e n s i t y  s t u d i e s  show t h a t  molybdenua-go1.d 
i s  s u p e r i o r  t o  any o t h e r  m e t a l l i z a t i o n  system 
e v a l u a t e d  t o  da te .  
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